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PREFACE. 


The* iii^enious Authok gives the following recommen- 
datory description of this work. “ The object and 
design of this little work vrill be obvious, from a very 
cm*sory view of its contents. Jt is intended as intro- 
ductory to the knowledge of the Arts and Sciences, 
and it is hoped that it wdll be found calculated to in- 
form the mind in regard to many of the most important 
topics with which young persons of both sexes ought 
to Ik* acquainted. 

In most of our larger schools thV study of the sciences 
is neglected, because tlie method of teaching them has 
been so different from that which is resorted to in their 
other exercises. Children arc required to learn by rote 
tile rules of grammar, and the application of these rules 
is left for future reading. This Introduction is drawn 
up to facilitate the acquisition of natural and experi- 
nicntal knowdedge upon a similar plan. The lessons 
<X)nsis,t of a series of short sentences to be committed 
to memory : they all contain facts not only necessary 
to be known by every well-educated youth, but will bo 
found applicable and of obvious utility in their advanced 
and more mature studies; and in cases that require 
tliem, illustrations of the subject, and figures adapted 
to it, are subjoined. 

The questions at the end of each lesson, which are 
numbered, to correspond with the facts to be learned 
by heart, will afford the instructor an easy method of 
examination, as well for classes in schools, as for indi- 
viduals educated under the domestic roof.^' 
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The editor of the present improved edition needs to 
say blit little if any thing more : except that to this 
edition have been added four oKiciiNiL lessons ok 
Anatomy and Physiology, which it is hoped, will 
not only render the work more complete, but will afford 
the youthful reader just ideas concerning the structure 
of the human body, and the science of life. He can 
confidently recommend the work to parents, pupils, and 
instructors, as containing much useful matter, in a^iiheap 
and convenient form: and can conscientiously afhrm, 
that it wmU be found one of the most useful and satis- 
factory epitomes of human knowledge whicli has ever 
yet been published. 

Tliose wlio are familiar with the labours and diflioul- 
ties of instruction, will agree with him, that it is not so 
easy a matter as might at first be supjjosod, for one 
intimately accjuainted with an art or a science, to in- 
troduce another even to the elements of it. He may 
Ixjgin at I he beginning, define ferms, lay tlown general 
principles, deduce particular truths, and go on regularly 
clearing as he goes, and leaving nothing for an after 
parenthesis ; and yet, only overwhelm the niemory, 
perplex the leason, and ultimately disgust his j>upii 
with the subject. Such a plan is no doubt the most 
natural to tlie tutor, and the most proper lor any one 
who, in some degre^j alicady acquainted with the sub- 
ject, would yet wish to refresh his memory upon it. 
He knows liow the terms detined are to come into 
play and whither ihe gencnil principles tend; and, 
therefore, what he is about. He sees that the arrahge- 
ment is, perhaps, tlie best that can be adapted for the 
science abstractedly considered, the one that will most 
concisely develope truth, and is least liable to lead to 
repetition; and he has that satisfaction which arises 
from the contemplation of order. ^ 

A mind totally unacquainted with the subject know's 
nothing of all this. With such an one the editor will 
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venture to say, that the most concise and least repeti- 
tious method may not be the best; the one which most 
regularly developes the science, not the most philoso- 
phical. The most philosophical, bticause the 4iiost na- 
tural method, is that w'hich accommodates itself to the 
mind of the learner; the best teacher is he who can 
most fully put himself in the pupil’s place. 

Such a teacher, he irnagines, would oiien a way into 
any science, by some obstTvation likely to occur to an 
uiimstriicted and iiupiisitive mind; as upon the Hight 
of a stone, th(? weight of a body, the game of see-saw, 
in mechanics; the circumnavigation of the globe, or 
tlie vicissitude of day and night, in astronomy; the 
freezing oi’ water, or the working of a steam-engine, in 
chemiatry ; no matter what the observation, so that it 
iTivol\t*s spine grand principle of the science. By leading 
()uestions lie will draw the pupil to the developement 
of llie princi{)ie, and plaice it full before him; he will 
ibllopw, or in sceiriiug to follow, he will in some measure 
direct the course of the pupil’s mind; making observa- 
tions, treicing consequences, starting objections. In 
such an introduction to a science, ami tlie familiar con- 
versations wliich it mqdies and suppose?s, the form 
adojited by the autlior is obviously very desirable. He 
lays down the priuc iplos of the different arts and sciences 
in a seriiis of short propositions, which are to be com- 
mitted to memory, and are divided into lessons of ap- 
propriate length : and for its luminous order, its power 
of making a child think upon the subject, and then 
aptly following up tl^e train of thought thus excited, its 
forcible illustrations, and its easy -and graceful style, 
tlie work in the judgment of tlie, editor stands at the 
very top of the scientific library of the school-room. 

The questions at the end of each lesson, with the 
figures and illustrations of the subjects, supply the most 
beneficial ex<‘rci8e that can be employed in tJic business 
of tuition. Yovdiji learn nothing effectually but by fre- 
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quent repetition; a multiplicity of examples, therefore, 
becomes absolutely necessary ; but these cxam})les should 
be so varied, and the mode of proposina; the questions 
so cliverslhed, as to g-ive the scholar room I’or the exer- 
tion of his iaculties, or otherwise no impression will re- 
main on his mind. Elementary treatises are too gene- 
ndly without any practical exercises; or the exercises 
so similar, that when the pupil has finished one ofthom 
the next may ])e performed without tlje trouble of think- 
ing. Such examples may pass away the time of the 
scholar, but they wdll never instruct him. 

Of the PiiELiMiXARY Essays introduced by the editor 
he may be permitted to obsei*ve, that they will, he trusts, 
bo found to be novel, appropriiUe, stimulative, and cal- 
culated to recommend by just appreciation, and fair 
and candid represeiitalion, the respective subjects to 
wliich they are prefixed. For their aim, and their 
moral tendency, however, he distinctly claims a cha- 
racter of high and honourable solicitude. It hasV>ng 
been aliow'ed that philosophical and scientific subjects 
afford the greatest, the purest pleasure to a rational 
mind. It is w^il observed by a late waiter that this 
does not arise “ from any intrinsic value of Science and 
Philosophy, solely considered, but from the peculiar use 
to which they may be applied, and without which, tliey 
hardly merit the name tlicy have obtained : and this is 
no otlier than regulating by them our observatioiivS upon 
tlie numerous objects of die creation, whereby we may 
correct any erroneous notions whicli we may have 
hitherto encouraged, either concerning them or the 
Omniiwknt Being by whose will they were formed.'" 

Nature, viewed in its true light, is not a subject of 
cold and unproductive speculation with regard to mo- 
rality. The study of its productions and its phenomena, 
not only enlightens the mind, but warms the heart, by 
exciting feelings of reverence and admiration, at the 
sight of so many wonders, bearing such striking cliarac- 
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ters of unlimited power and matchless wisdom* Im- 
pressed with the truth and force of this sentiment, he 
has interspersed the expositions of the respective sub- 
jects with such observations, and moral reflections, as 
arc calculated to alleviate the mind of tlie student, to 
lead him by imperceptible degrees to reflect seriously 
and justly on the objects around him, and to check an 
inclination to scepticism which might arise from incau- 
tious study, and the mischievous misapplication of 
scientific phraseology, and modes of reasoning and re- 
search. 

Wc may be said to live at one of those remaikable 
periods which constitute eras in the liistory of the world. 
For a series of years preceding the French revolution, 
the difl'usion of knowledge and cultivation of intellect, 
in France and the neighbouring countries, exceeded in 
such a proportion the countervailing powers of religion 
and iiioniiity, that all competent judges, acquainted 
with vhe of society, agz’eed in opinion that some 
mighty ocuivulsion was at haiul. Of the disasters which 
followed that dreadful event, and the shock which it 
g(ivf‘ to the civil and religious institutions of the Conti- 
ne at, it is altogether superfluous to speak. But whilst the 
world was involved lu contusion around us, this country, 
by the blessing of Providence, was not only preserved 
from destruction, but rose to am eminence of glory and 
power which it had never attained in former tunes. In 
reasoning on the causes of this diftbrence in our favour, 
wc are justified in ascribing our safety to the quantity 
of virtue and good sense produced in tlie country by 
the free constitution of our government, the equal ad- 
ministration of our laws, the principles which regulate 
our seminaries for the education of youth, and above 
all to the prevalence of a sound, a pure, a reiisonabie 
religion, dispensed and administered alike by a body of 
clergy both episcopal and dissenting, who from their 
external condition, and still more from their learning 
and piety, have an influence on the minds of the people, 
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-not jQ^y tiirongh the tnedium of their pastoral func- 
tions, but by the eftect of their writings, and the esti- 
, matiou-tv^bich they bear in the community. The danger 
tVciiur, tiiat evmt is now happily past: bnl when we 
"difoct oUr attention to the systematic culture of intellect 
ijj^roduced in the course of a tew years among all classes, 
rjivie; wfhot but feel an atuxiety lest the balam^e of sot'icty 
jslieukl suffer disturbance from this sudden increase ot‘ 
its momentum. In proportion as these additional ener- 
gies imparted to the mass of the people are under the 
direction of good principlcvS^ they will give sUbility to 
the government, advance the cause of religion and 
morals, and coiitril^ulc to the g<;neral advantage, [hit 
there is no necessary connexion between knowledge and 
goodness, between the possession of intelle('tiial pow(T 
and a disposition to apply it to its proper cuds. 

TVothing need further be said in the assertion or the 
vindication of the tendency and aims, which the ^"ditor 
avows : they are those of every enlightened luinisti'v oi* 
education in the kingdom. Preservt'd from civil ami 
ecclesiastical tyranny, as this highly (avoured coimrry 
has beeh, the editor looks back with devout gratitude 
on the stupendous events of the last filly years; and 
acknowledges a ruling Providence in tlu; history of 
Britain : and he confides ia the continuance of tlial 
Providential protection, as long as his country is not 
wholly unworthy to hold its place upon this ball of 
earth. 


Upi)<»r liollo’rta} , 
Nu^oinber 1st. IS.iy. 


T. L. 



CONTENTS. 


PlCt. 


1 (iKAAJMAH . . . 

. . IN 1 1 

Lessons 1 

J l^ocac 

8 

i>() 

‘A Rhetoric 

3 

50 

-1 GKUGKAi'HY 

[} 

60 

o Chronology 

3 

82 

Artificial Memory 

1 

104 

7 Mythology 

. 4 

114 

S History 

2 

132 

Arithmetic 

o 

141 

lo Algebra 

2 

35J 

ll Geometry 

2 

166 

Iw TjHGC'VOMKTRV 

2 

175 

l‘{ Mensuration 

2 

184 

14 (.%)Nic Seott^'ns 

2 

180 

U) Architecture 

2 

184 

If) AIechanics 

..... i \ 

204 

17 Hydrostatics 

2 

224 

IS Hydraulics 

1 

230 

10 PnET'M ATJCS . , , , 

3 

235 

‘JO Acoustics 

1 

247 


X 


CONTENTS. 


21 Optics 

. - IN 7 Lessons 

PAliK. 

254 

22 Asteonomv 

.. .. 0 

27(; 

23 

.. .. 2 

295 

24 Galvanism 

Q 

m 

25 Magnetism 

... 2 

:J15 

2 () Chemistry 

.... 7 

:m 

27 Mineralogy 

•) 

348 

28 Botany 

2 

354 

29 Natural History 

.. .. 8 

354 

Anatomy and Physiology . . 

.... 4 

3!/i 



GRAMMAR. 


THE UTILITY AND JMPDUTANUE OF ITS STUDY. 


The> A\ho aro It'anuiii; to <‘onnjost* and arrange their seiilencos with 
acenraey and order, an* learniug, at the same* time, to think ■v’Mili 
accuracy and order. — Jilttii. 


(jRAMMAR is ti term the detirution of which can be scarcely 
said 10 be |>hiloso|)hieally adiu&teil. The number and the 
nature of the ideas which it;^ comprehends, are subjects U])on 
whieh opinions and decisions are conflicting and diversitied. 
A and certain exposition of the tneanin*? of the term is 
perhaps nowhere to he found. In one \jeu e assumes the 
dipiniU and chiiins tht‘ consideration of a science; — in 
another its pniteiisions appear rt'stneted to the more limited 
proportions of an art. ()f the former, reason may bo consi- 
dered as the authority, and the standard ; — of the latter there 
is no authority or standard but custom. Tlie utility —tlie im- 
portance — and the necessity of the study of this seienee, or 
art, are obvious — me self-evident. “ As words,^’ says an 
einiiK'ni \vnt(‘r ujion it,* ** arc the signs of our ideas, and the 
medium by wliieh >ve •jierceive the sentiments of others, and 
eommunieatc our own, and as signs exliibit the things which 
they are intend(;d to represent, more or less accurately, ac- 
cording as their real or established conformity to those things 
is more or less e.vact ; it is evident, that in proportion to our 
know ledge of the nature and jirojierties of words, or of their 
relation to each otht‘r, and of their established connexion 
with the ideas to which they arc applied, will be the certainty 
mid ease witli which we transfuse our sentiments into the 
minds of one another ; and that, without a competent know - 
ledge of this kintl, we shall frequently lie in hazard of mis- 
understanding others, and of being misunderstood ourselves. 

* Introduction to Munaj ’s Grainnmr, ji. 6. 

B 
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It may, indeed, be justly asserted, that many of the differ- 
ences in opinion amongst men, m itli the disputes, contentious, 
and filienations of heart, which have too often proceeded from 
such differences, have been occusioiied by a want of projier 
skill in th^ connexion and meaning of words, and by a te- 
nacious misapplication of language/’ All that regards the 
study of composition,” says the eloquent w’rtter upon lan- 
guage and composition whose words wt* have prehxed to 
these observations, merits the highest attention, upon tliis 
account, that it is intimately connected w ith the improvement 
of our intellectual powers. For we must be allowed to sa\ , 
that wdieii we are employed, after a proper manner, in the 
study of eomjiositioii, wc are cultivating the understanding 
Itself- The stud\ of arranging and exjiressirig our thoughts 
with propriety, teaches us to think, as well as to speak, aeeii- 
ratcly,” One oi' the best supports which the recommenda- 
tion of this study can receive, in small compass, m»y be 
derived from tiiese sentiments. The great and the importaui 
object of language is, to express the various wants juid affee- 
tious of those by w'hom it is sjiokcn. In the earlier stages of 
tuvil society, man is contented with siicli comforts as are 
easily procured, and the ojierations of the mind arc eircum- 
seribeil within narrow' limits. His vocabulary is eonsequ^ntly 
scant} , though at the same time it may be fully adequate to 
every purpose to which it is applied. But as Juxiny Uiid re- 
tincment advance in their gradual progress, thi^ language of 
the comiriuiiicy becomes more copious and elegant : it not 
only oversteps its amnent boundarit^s, but hasiens to lay aside 
its ancient rudimess and barbarism. Material improvements, 
however, cannot lie introduced by any sudden exertion ; — 
they must be the result of exyierieuce — and experience time 
only can bestow'. 

H iring the last fifty years. Knglish literature has been en- 
riched with many valuable composition.s in prose and lerse. 
Many wdse and learned men have made use of our language 
in communicating their sentiments coneeniiug all the im- 
portant branches of science and art. All kinds of subjects 
have been skilfully treated in it, and luanv works of taste and 
genius have been written with great anti well-deseiwed suc- 
cess : yet perhaps it woli appear, u]>on a careful view of tlu-se 
compositions, that, whatsoever credit their authors arc enti- 
tled to, for acutmieiss of understanding, strength of imagina- 
tion, delicjacy of taste, or energy of expression, there are hut 
few of them that deserve the praise of liai iug expressed them- 
selves in a pure and genuine strain of English. In general 
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they have preferred such a choice aucl arrangement of words, 
as an early acquaintance with some (»tht*r language, and the 
neglected study of their own, would naturally incline them 
to. Sometimes, also, we find them expressing a mean opi- 
nion of their native tongue. This, however, I ap:i the less 
inclined to wonder at, as I am convinced that those only con 
syieak of our language without respect, who are ignorant of 
its nature and qualities. Perhaps it is as capable of receiving 
any impressions that a man of ta.ste and genius may choose to 
stamp upon it, and is as easily moulded into all tlie various 
forms of passion, elegance, and sublimity, as any language, 
ancient or modern. 

Some men of eminence in letters, having seen how well 
the fasliionabli^ world has succeeded m imitating the manners 
of our neighbours, the French, have cndeavoiued to raise 
themselves mto reputation by importing their forms of 
speecli ; and, not contented witli the gtxxl old English idiom, 
have dressed out their works in all the driness of French 
nhraseologt'. But liiis injudicious fashion of adulterating our 
limguage with foreign mixtures, is more especially the case 
witii respect to the Latin : — ^to the laws of which, many of our 
writers, and indeed some also of our grammarians, have so 
str(‘niU)usly endeavoured to subjeet our language, that an old 
author’s prophecy seems at length to have cuiiic to pass, 
and “ we are now forced to study Latin in ordiir to under- 
stand English.”* The complaint was not new in his time — 
but the practice complained of is now become morb frequent 
and more extensive than ever. Our elegant ami idiomatic 
satirist. Pope, ridicules that 

“ easy Cioorouian stylo, 

So Latin, yet so Eagluih all the while.” 

Pole’s Epilngueit to Satnex. 

Not only Latin w'ords, but Latin idioms, are now invading us 
with so much success, that, do what wc can, I fear we must 
submit to the yoke ; and, as our countr}' was formerly com- 
pelled to become a province of the Itoman empire, so must 
our language sink at last into a dialect of the Homan tongue. 
This event has been niucli liaateneil of late years. Some men, 
whose WTitings do honour to their country and to mankind, 
have, it must be confessed, wntten in a style that no English- 
man will own ; a sort of Anglicised Latin, and chiefly dis- 
tinguished from it by a trifling difference of termination ; yet 
8i> excellent ai’c these works in other respects, tiiat a man might 
deserve well of the pubiio who would take the trouble of 
* Brown’s V’ulgai Errors.— Prefai-e. 
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translating them into English. As I <Io not notice these 
alteratjiona in our language in order to commend them^ 1 shall 
not produce any particular instances ; I shall content myself 
with supporting tbe fact by the evidence of the greatest erri* 
tic and ma^er of it that ever lived. In the preface to his 
Dictionary, Dr. Jolmson says, “ so far have I been to grace 
my page with modern decorations, that I have studi- 
ously endeavoured to collect my examples and authorities 
from the writers before the Restoration, whose W'orks I regard 
as the WELLS of engush uni>k filed — as the pure 
sources of genuine diction. Qur language, for almost a cen- 
tury, has, b\ the concurrent) of many causes, been gradually 
dejiartiug fi*om its ancient Teutonic character, and deviating 
towards a Gallic structure and phraseology ; from which it 
ought to be our endeavour to recall it j — by making our ancient 
volumes the groundwork of our style, admitting among the 
additions of later times only such as inaj^ supjdy real tleh- 
cicncies, such as are readily adopted by the genius of our 
tongue, and incorporate easily with our native iilioms.’^ 

In his preface to the Works of Shakspeare, we also find 
the following very apjdicahle sentiments : — “ 1 lielievc there 
IS in every nation a style that inner beeomes obsolete, a cer- 
tain mode of jihraseology consonant and congenial to the 
principles of its respective language, as to remain settled and 
unaltered. The polite are always catching modish innova- 
tions, and the learned depart from established fonns of speech 
in hopes df linding or making better : those who write for 
distinction, /or.vffl^c the vulgar, when, the vulgar is rights hut 
there is a conversation, above grossness and below refinement, 
where pro])riety resides, and where Shakspeare seems to 
have gathered his comic dialogue. He is, therefore, more 
agreeable to the ears of the present age tlnm any other 
author e(]^ually remote, and, among his other excellences, de- 
serves to be kiidied as one of the original masters 
OF OUR LANGUAGE ” Thcsc passages I have inserted, be- 
cause such a testiiiioiiy from tins great man u ill, at least, he 
thought impartial by every person acquainted with the cha- 
racteristics of his style. 

Thi? alterations in our language here mentioned are cer- 
tainly not for tlm better : — they give the phraseology a dis- 
gnatmg air of stu^ and formality : they have their source in 
flifeetfttion, not in taste: yet novelty has its attractions. 
Though such exotic terms and phrases as are here referred 
io, we not better than our homebred English, yet their 
newness gives them a spurious sort of beauty : — though they 
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do not realiy enrich tlie dress of our thoughtSi yet they are a 
kind of tinsel ornaments, admired because they glitter, gild, 
and glare. The writers I allude to may, perhaps, have suc- 
ceeded in giving our language a higher polish; but have they 
not also curtailed and impoverished it ? Perhaps they may 
have cleared it of some cant terms, low phrases, and awk- 
ward constructions ; but what the)^ may have gained in accu- 
racy, have they not lost in vai iety ? Have they not reduced 
all kinds of composition to an insipid uniformity? Is not the 
sj)irit of our lan^age lowered, its freedom ertunped, and its 
range of expression narrowed ? 

I shall not he required to prove this opinion by such of my 
readers as are acquainted with the works of Hooker, Taylor, 
Swift, Pope, Ad(lison, and Dryden, the boast and glory of 
English literature ; — with the prose of Cowley, and with 
Shakspeare’s “ immortal wit/* However, the prevalence of 
fashion is so strong, that all resistance to this adulteration of 
onr laugnag'i* may be ineffectual ; and it is well worthy of 
notice, that ever\ polite nation hitherto distinguished in liter- 
ature, has, after a certain period, declined in taste and purity 
of composition. The later Greek writers arc known by the 
diminutive term, ‘‘ Gr<pculi*'' — and the Augustan age denotes 
an before the Latin tongue ivas vitiated and spoiled hy 
vain rchnemonts and affected innovations. Tv' prevent a 
aimilai’ declim* in th(i French language, the French Academy 
endeavoured to render it at on<*e more pur^ and more dura- 
ble ; but the republic of letters is a true republic, *in its dis- 
regard to the arbitrary decrees of an usurped authoritv. Per- 
haps such an institution would do still less with us. Our cri- 
tics !u*e allow ed to petition, but not to command : and why 
should their power be enlarged ? The laws of our speed), 
like the laws of our country, should breathe a sjnrit of 
liberty : they should check licentiousness, without resti'ain- 
ing freedom. The most effectual metliod of |)reserving our 
language from decay, and preventing a total disregard to the 
Savon part of it, is to change our 'present mode of educatwn. 

Chihlren are generally taught the grammar of a foreign 
tongue before they understand that of their own : or if they 
chance to be instructed in the principles of their native tongue, 
they learn them from some system that does little more than 
fetter it with the rules of construction ibawn from another 
language. Dr. Lowth, in his preface, has taken notice of this 
circumstance. He says — grammatical study of our owm 
liuipiage makes no pfiii: of the ordinary method of instruction 
which we pass through in our childhood, and it is very sel- 
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tlom that we apply ourselves to it afterwards. Yet the want 
of it will never be effectually supplied by any other advan- 
tages whatsoever. Much practice in the polite world, ami a 
general acquaintance with the best authors, are good helps ; 
but alone will hardly be sutHcJent : w'e have writesrs who have 
enjoyed these advailtages in their full eartent, and yet cannot 
lie recoratnemied as models of an acemrate style. Much less, 
tlien, will what is commonly called learning, serve the pur- 
pose ; that is, a critical knowledge of ancient languages, and 
much reading of auidunt authors. The greatest critics and 
most able grammarian of the last age, was trequentiy at a loss 
in matters of ordinary use and common construction in his 
own vernacular idiom.*'* 

The design of the following lessons is to teach the gi-am- 
mar of the English tongue — not by arbitrai-y and capricious 
rules, and much less by such as are taken from the customs 
of other languages — hut by a methoclical collcetion of ob- 
servations and jirinciplcs, comprising all those current plu’ases 
and forms of speech which are to be found m our best and 
most approved writers and sjieakers, ai’rangcd in a series 
of short propositions, which are to be committed to memory; 
and tlicy will he found to recommend themselves, as contain- 
ing a large (piantitv ol' useful elementary matter, in »in im- 
pressive and most convenient form. It is ceitainly the tiusi- 
iicss of a grammarian to hud out, imd not to make, the law's 
of a laiigiiugt^. In tins work tlic author docs not assume the 
character 0i a higislator, hut appeal's as a faithful compiler 
and abridger of the scattered laws. He does not presume to 
regulate the customs and fashions of our speech, but only 
notes and collects them. 

It matters not what these customs and fjishions ow'e their 
birth to, the moment they liccome general they are the laws 
of the language ; and u grammarian may remonstrate, but 
can do no more, bow' greatly soever he may disapprove. 
From Ills opiuious and precepts an appeal may always be 
made to the trilmniil of use, as to the supreme authority and 
last resort ; in language, as in law', “ communis error facit 
jV — ^the common error makes the law. By the general con- 
sent of a nation, ceitaiu sounds and certain W'rittcn signs, 
together w ith their inffectious and combinations, come to he 
used as ilcuoting certnui itleas and their relations ; and the 
man that chooses to deviate from the (*ustom of his country 
ill expressing his thoughts, is as ridiculous as though he were 

* The hiarnoil person here uliuded to b) Dr. Lowth is the celcbrdteU 
scholar and cntic. Dr. Bentley. 
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to walk the streets in a Spanish cloak, or a Eomaii toga. 
Perhaps he might say, these garments are more elegant and 
more commotlious than a suit of English broad-cloth ; but I 
believe that this excuse would hardly protect him from deri- 
sion and disgrace. 

Besides the principal purpose for which these lessons were 
written (tliat of instructing youth), I hope the perusal of 
them may not be useless to those who are already acquainted 
w'ith polite literature. Much reading and good company ai« 
su])j)oscd to be the best methods of getting at the niceties 
and elegancies of language ; but this road is long and irk- 
some. It is certainly a safer and a reailier way to sail by 
compass than to rove at random : and any person w'ho wished 
to become acquainted with the various productions of nature, 
would do better to study the system of our best naturalists, 
than to go w’andering about from land to land, lighting here 
upon one, and there upon another, merely out of a desire to 
s(‘e them all. These lessons also may bo useful to those 
foreigners who wish to learn the English tongue, — as they 
will be iV)imd to contain the most general and useful Angli- 
cisms, and all those phrases ^d peculiarities wliich form thi? 
eliaractoristics of our language. 

1 will not take upon me to say that w'c have no grammar 
eapallle of teaching a foreigner to read our autb^»rs, but this 
1 am sure of, that wc have none by which he can be enabled 
to understand our conversation. 


LESkSON the first. 

TNTRODUCIION. 

1. Grammar is the art of speaking and writing any 
language with propriety. 

2. Ge7i€i'al Grammar teaches the principles which 
are coininon to all languages. 

3. The grammar of any particular language teaches 
the principles and rules peculiar to that language. 

4. All art is founded on science, or on the knowledge 
of the materials employed in it. 

5. Every art has a subject peculiar to itself, of the 
properties of w^hicli it treats. 



8 


GRAMM A.}1< 


6. The subject of grammar is composed ot articulate 
sounds^ 

7. There are two kinds of subjects, namely, simple 
and compound. 

8. A subject is simple when it is not made up ol‘ 
parts. 

9. A compound subject is composed of more parts 
than one : thus languajj^c, or discourse, is compound, 
being made up of sentences, 

10. The dividing* of a thing into its parts is called 
analysis or decomposition. 

1 1 . Sentences may be resolved into words ; words 
into syllables ; and syllables into letters. 

12. GraiTirnar begins with the properties of letters, 
and ends with the properties of sentences, and is com- 
monly divided into four parts — >iz., Orthograpliy, Etv- 
mology, Syntax, and Piosody. 

QtJKSTJONS FOR EXAMINATION. 

1. What is ‘^rumniiir ? 

y. What IS meant by fi^eneral grammur'^ 

.'5. Wiuvt lines the graiuniar of any }>ar<icular language teucli ♦ 

4. On whut IS ait foumJeit 't 

b. What ity )it‘Ciiliar to t-ver^ art 

6. What IS the subject of grammar ' 

7. Ifovv inunv Kiinis of subjects are there, and what are lht<v ' 

8. What is ineiUit by a simple subject ^ 

9. WliHi i.'j meant by a compound subject ? 

10, W hat IS meani by analv'sis or df*conii)Ositii'U 

11, How are sentences resolved 

12, With wlint does grammar begin and end, and bow is it 
commonly divided ? 


LESSON THE SECOND, 

Ol SOCN OS— T.ETTIiRS SYLLABI. Rs — AND WORDS. 

1. An artirulate sound is the sound of the Iniman 
voice formed by the organs of speech, and wbicli is as- 
sociated with, and re]>resented by, a letter or representa- 
tive sign. 
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2. The organs of speech are the tongue^ the teeth, 
the lips, and the palate. 

3. A letter is the mark or sign of an articulate 
sound, and is the least part of a word ; it is called also 
a first principle, because all language is formed of letters. 

4. - There are twenty-six letters in the English alpha- 
bet, which arc divided into vowels and consonants. 

5. A vowel is a letter representing a sound that can 
be perfectly uttered by itself: such as a, e, i, o^u^ and 
sometimes w and y are vowels: which are formed with- 
out the help of any other sound. 

6. A consonant is a letter representing a sound that 
cannot he perfectly uttered without the aid of a vowel : 
as h, 1; which require vowels to express them fully. 

7. W and y are consonants when they begin a w^ord, 
but vowels in every other situation. 

8. A diphthong is the union of two vowels in one 
sound, and pronounced by a single impulse of the voice : 
as ea in beat ; ou in soudd, 

9. A syllable is a sound represented by one or more 
letters, either simple or comjwunded, pr^'duced by a 
.single impulse of the voice, and constituting a word or 
}jart of a word, as a, an^ ant, horse, &c. 

10. Words are articulate sounds, used signs of 
onr ideas. Sec Logic. 

11. A word of one syllable is termed a momsylle^k* 

12. Spelling is the art of rightly dividing words if»to 
their syllables, or of expressing a word by its propci- 
syllables and letters. 

It is of very great importance to ohtal% earl)' in life, a 
clear, distinct, and accurate Knowledge of the temnds ol’ the 
elements, or the first principles of language. The sentiments 
of a verj’ judicious aud emmeiit writer (Quinctiliaii ) respect- 
ing this most important and deprccuited part, of grammar, 
deserve the serious attention of the .student. “ Let no per- 
son despise,'* says he, ‘'as inconsiderable, the clenuyits of 
grammar, because it may seem to them a matter of small 
consequence to shovr the distinction between vowels aud con- 
sonants, and to divide the latter into liquids and mutes. But 
they w^ho penetrate into the innermost parts of this temple of 
science, will there discover such reliniiment and subtilty of 
B 2 
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matter, as are not only proper to sharpen the unfler»tamlin|i:s 
of young{|persons, but sufficient to mve exercise for the most 
proaoundlmowledge and erudition.” 

QUESTIONS FOR EXAMINATION. 

1. What is an ai ticulate sound ? 

21, What IS meant by the organs of speech ? 

3, What is a letter ? 

4. How many letters are there, and bow are they divided ? 

b. What is meant by a vowel ? 

ti. How do you define a consonant? 

7. In what cases are w and y consonants, and when are they 
vowels '* 

fi. What is meant by a diphthong? 

9. W hat do you mean by a syllable ? 

10. AVhat are words '* 

11. 'W hat is a monosyllable ? 

1 ‘i. W hat is spelling t 


LESSON TUE THIRD. 

OF ARTICLES AND NOUNS. 

1 . Ill English there are nine sorts of words, or, as 
they are t;oinnioiily ealled, parts of speech, namely, the 
artlcJa ; the noun, or substantive; the adjective; the 
pronoun ; the verb ; the adverb ; the j/repositiwi ; the 
conjunction ; and the interjection. 

2. An article is a word prefixed to nouns to pjoinl 
ihein out, and to show how far their signification ex- 
tends. 

3. The articles are the : the is definite ; a and 
an indefinite * thus we say the house, when wt mean 
any particular house ; a horse, or an acorn, when we 
refer to one generally . 

4. A noun, or, as it is sometiines called, a substan- 
tive, is the name of any person, place, or thing, as 
James, Lotidou, land, leisure. 

5. A noun may be known by taking an article before 
it, as a book ; an owl ; the moon : or by its making 
sense of itself, as virtue, poverty, wealth. 
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6. Nouns are either proper or common : — proper 
nouns are the names appropriated to individuals, as 
Charles^ Pam, Thames: and common nouns denote 
the 8f)ecies or kinds of things containing man^ sorts, as 
a man^ a city^ a river: thus Paris is a proper noun, 
being a name appropriated to a particular city ; but 
city is a common noun, as understood of any city. 

7 . All nouns are of tlie third person when spoken of; 
and of^the second when spoken to. Examples. — The 
men run ; trees arc green : here men and trees are 
spoken of, and are of the third person. Men and citi- 
zens listen to my words : in tliis case men and citizens 
are spoken to. and are of the second person. 

8. To nouns belong* person, gender, number, and 
case. 

9. Gender is the distinction of nouns, with regard to 
sex; there are three genders, the masculine, feminine, 
and neuter. 

10. The masculine gelider denotes animals of the 
male kind ; as a man, a horse, a hull. 

11. The feminine gender denotes anira'dls of the fe- 
male kind ; as a woman, a mare, a cow. 

12. The neuter gender denotes objects which are 
neither male nor female; as a field, a plough, a spade. 

13. Some substantives, naturally neuter, are, .by a 
figure of speech, converted into the masculine or femi- 
nine gender; as when we say of the sun, he is setting; 
and of a ship, she sails well. 

14. The gender is distinguished, (1.) by different 
words, as man, woman; brother, sister, (2.) By a dif- 
ference of termination, as lion, lioness ; master, mis- 
tress. (3.) By another word, a noun, pronoun, or ad- 
jective, being prefixed to the noun, as man-servant , 
maidservant ; male-child, female-child. 

QUESTIONS FOR EXAMINATION. 

1. How many parts of speech are there, and what are they ? 

2. What do you mean by a noun ? 

5, What is meant by an article 1 

4. What are the articles, and how are they distinguished '! 
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6. How is a uoun tiiown 

(). How ma«y kinds of nouns are there, and how are they dis- 
liuguisbed ? 

7. Kxpluin by the examples which are nouns of the third per- 
son, and which of the second ^ 

8. \Vhat"belon{]f to nouns 

9. What is meant by gender, and how many gendt ra are there ? 

10. What does the masculine gender denote I 

11. AVhafc does the feminine gender denote ? 

12. What IS meant by the neuter gender 

13. How are substantives naturally neuter converted *into the 
masculine or feminine genders ? 

1 1, Ilow' are genders distmguished ? 


LESSON TKE FOURTH. 

KOHL’S CONTINUED. 

1. There are two niinibers beiong^iii^ to uoiins, the 
sitKjalar and the jdural. The .sinu^iilar is used fo i‘\- 
preHs one object : and tlie plural is used when two or 
more are to be expressed. 

2. The [duial is g-enerally foiined, (J.) by a(]din<r > 

to the siie^Tilai, as I 'lvcr, rivers. (2.) By inldm!;' es 
wlien the singular ends in cA, s.s/i. x, ‘and 2, us vhtuvh^ 
churches; kiss ^ kisses ; las/t, lashis , /h.r, /b.;;es. (3.) 
By adding, res to nouns endint!; in J\ or /c, as 
calves ; knife, knives. (4.) V/heii nonns end m //, tlie 
plnral is Ibnnefl by ehanging^ if mto ies, files. 

3. There are many exceptions to these general rules, 
;is ca', oxen ; muff', muffs; chief., chiefs; kcij. keijs ; 
ifoosc. fjeese ; foot, feel, 6:v. 

4. Some nouns admit of a suiguJar tenniuation only, 
as wheat, steel, sloth ; some Jiave the pilural tiu inina- 
tion only, as bellows, scissors, ashes; and in vsonie 
nouns the singular and plural are, tlie same, as deer, 
sheep, &c. 

Cj. Case is the variation of nouns, serving to cx[»ress 
the different relations they bear to earli other, 

6. English nouns have three c’ascs, the nominatii^e, 
tJie possessive, and objective : the possessive is some- 
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times called the genitive case ; and the objective, the 
accusative, 

7. The nominative expresses the name of a thing, 

or the subject of tlie verb ; as the boy runs, the girls 
play. . • 

8. Tho possessive denotes the relation of ^property or 
possession, and is formed by adding s to the homi- 
native, with an apostrophe before it, as Solomon's wis- 
dom^ the cow's crib. When the noun ends in if, the 
apostrophe only is added, as the stationers' arms, the 
drapers ’ compan y . * 

9. Tlie objective case expresses the object of an ac- 
tion, or of a relation, and generally follows an active 
v(irb, or a ])repopition : as Charles teaches James; 
Charles and Jamie's live in London. 

10. Nouns are dochned in the tbllowing maimer; — 

Singular. Plural. 

Nominative, The man. The men. 

Possessive. Tilt* man’s The men’s. 

Objective. The man. The men 

1 1'. The nominative and objective are spelt alike ; 
Init III a sentence tlie nominative comes before the verb, 
and the objective after a verb active, or preposition. 

QUESirONS FOR EXAMINATION. 

1, How maity numbers are there belonginj^ to nouns, and what 
do they expre&s ! 

What are the rules in forming the plwaL number 
JMention the eirepiiom to the general rules I 
Do all nouns admit of singula*' and plui'al terminations ? 
What do you mean by cnsel 

6. How many cases are there? 

7. Whal dues the noinmative case express? 

8. What does the possessive case denote ? 

9. W'hat does the objective case denote ? 

10. Decline ihc noun man : also by the same rule the nouns 
fathc-r, mother, brothci, and sister. 

11. Point out the distinction between the nominative and ob- 
jective cases. 

* Sometimes, also, when the singular terminates in the apostrophie 
I IS not added, as “ For goodness' sake” — ” For righteousness* sake.” 
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LESSON THE FIFTH. 

OF ADJECTIVES. 

1 . An adjective is a word added to a substantive to 
express its quality, or property ; as, a good man ; a 
green gate. 

2. English adjectives admit of variation, and change 
their terminations on account of comparison. 

3. There are three degrees of comparison ; the posi- 
tive, the comparative, and superlative. 

4. The positive simply expresses the quality of any 
object, without any increase or diminution ; as hard, 
tvise^ small. 

5. The comparative increases or diminishes its qua- 
lity ; as harder^ wiser ^ smaller, 

6. The superlative expresses its quality in the highest 
or lowest possible degree ; as hardest, wisest, smallest. 

7. The positive is changed into the comparative by the 
addition ofr, or er ; as wise, wiser; hard, harder: and 
into the superlative by adding st, or esf ; as vise, vnscsf ; 
hard, hardest. 

8. The adverbs more and wos^, placed before an ad- 
jective, have the same efTect, as more wise, moU wise. 

9. Monosyllables are, for the most y^art, compared 
by er and est ; as hard, harder, hardest ; and dissyl- 
lables by more and most; as modest, more modest, most 
?nodest. 

10. Some adjectives are composed very irregularly; 


as 

Good, 

better. 

best. 


little. 

less, 

least. 


Manv, 

more, 

most. 


Bad/ 

woree, 

worst. 


1 1 . Some conqjaratives form the superlative by add- 
ing AS, fore, former, foremost ; up , \ipper , upper- 

most: and some adjectives have only tVrO degrees of 
comparison ; as under, undermost. 

QUESTIONS FOU EXAMINATION. 

1. What is meant hy an adjective? 

2, On what account do adjectives change their terminations ? 
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3. H'ow many dejjrees of comparison are there 1 

4. What is meant by the positive ? 

5. W^hat is the effect of the comparative? 

6. What is the effect of the superlative ? 

7. How' are the comparativee and superlatives formed ? 

8. Is the same effect produced by any other words ? 

y. In what case are the terminations er and est used, and in 
what the words more and most ? 

10. Give some instances in wdiich adjectives are compared irre- 
j^ularly. 

11. Are there any other irregularities with regard to com- 
paratives. 

LESSON THE SIXTH. 

or PRONOUNS. 

1. A pronoun, is a word used instead of a noun, and 
enables us to avoid a too frequent repetition of the 
same : thus we say, “ ke or she did this, or that,” in- 
stead of expressly naming the person. 

2. There are three kind?; of pronouns, the personal, 
n.lative, and adjective. 

3. •There are live personal pronouns: namely, /, 
thou, he, she., it, which are singular ; with their plurals, 
//;e, yc or yon, they. 

4. The third person singular of the prouduns, he, 
shc^ it, is the only one that admits of a distinction of 
gender, //e is masculine; s/te is feminine ; it is neuter. 

5. Pronouns, like nouns, have two numbers, and 
tliree cases; viz., the singular and plural, and the no- 


minative, possessive, and objective. They are mostly 

diHf'ereiit from each other. 



Singular. 

Plural. 

H. First person. 

Nom. I. 

We. 

Poss. Mine. 

Ours, 


Ohj. Me. 

Us. 

Second person. 

Nom. Thou. 

Ye or you. 


Pos.s, Thine. 

Yours. 


Ohj. Thee. 

You. 

Third person. 

Nom. He, she, 
Poss. His, hers 
Ohj. Him, her, 

‘"its I They, theirs, 
’ . ( them. 

^ It. J 
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7. In pronouns the Jint person is the speaker ; the 
second is the person spoken to; and the third is the 
person spoken of. 

8. Relative pronouns are such as relate to some 
word or ]pbra»e going before, which is called the ante- 
cedent : these are, %vho, which ^ and that. Who is 
applied to persons; which^ to animals and inanimate 
things; that is applied both to persons and things, 
and prevents the too frequent repetition of who and 
which, 

9. What is a compound relative, including lK)th the 
antecedent and relative, and is equivalent to that 
which. "‘Tliis is what I wished that is, the thing 
which I wished,” 

10. Who^ which, what, arc called interrogatives, 
when used in asking ([uestions. Tlie cases of who are, 
Noin. Who. Puss. Whose. Obj. Whom. 

11. Adjective pronouns arc of a mixed nature, par- 
ticipating the properties both of pronouns and adjet*- 
tives; and are subdivided into four sorts, namely, rh{' 
possessive, distributive, demonstrative, and tlie’ inde- 
finite. 

12. The arc those whicli relate to posses- 

sion, or property: these are, imj, thy, his, her, ntn\ 
your, their. 

13. The pronouns are those whicli denote 

the persons or things which make up a number, as taken 
separatcily and singly: these are, each, every, either. 

14. The demonstrative pronouns are those which pre- 
cisely point out the subjects to wliich they belong : as 
this and tiiat; these and those. 

15. The indefinite are those which express their sub- 
jects in an indefinite or general manner : as some, other, 
any, one, all, such. 

QU£STIONS FOU EXAMlNATfON. 

1. Tor what aro pronouns used 1 

it. How many kinds of pronouns are there ? 

3* Which are the personal pronouns 1 

4* To which of the persons of pronouns has gender respect ? 

5* How many cases have pronouns 1 
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(i. Decline the personal pronouns, 

7. To whom do the first, second, and third persons of pronouns 
relate ? 

H. What are relative pronouns’ 

'). Ejipluin the use of the relative what, 

10. Which are the mterrog-atives, and what are the cases of the 
pronouns ’ 

11. Into Avhat are adjective pronouns divided? 
li?. What are the possessive pronouns t 

13. What are the distributive pronouns? 

14. WJiat are the demonstrative pronouns? 

10. What are the indefinite pronouns f 


LESSOM THE SEVENTH. 

01 vrjins. 

] . A verb is a word that sig:nifies to he, to do, or to 
!>uff'rr: as 1 urn, 1 love, I am loved, 

2. 'riun’c arc three kinds of vcrlis;^ transit] ve, in- 
transitive, and auxiliary or tonnt*ctinj»' verbs. 

3, A transitive verb is when the action passes over 
to, <ri' ad'ects some otlicr person or thing; as 7 diy the 
ground. 

d. All intransitive verb is one in wliich the action 
does not ])ass over to, nor aflbct any other person or 
thing ; as / am loved, I run, I walk, 

5. A verb transitive supposes a person or thing that 
acts, and a person or thing that is affected by the ac- 
tion ; thus, 1 dig ike ground^ there is the person who 
ac ts, and tlic ground acted upon. 

* Tlio usual (Ustributiuii of ivrhs^ is iulo threv kinda — active, paasive, 
aud iieutei 'J’Ue sole reason why surh <listnu'lions were ever applied 
to thL- Eiiglisli laiigiio^e aeems to be, that previously existed in 

connexion woth the Latin. The^ arc, hotvtner. dise.-u’ded by the more 
philosophical gramTnanans, y ho, instead, distingui.sh them into transi- 
tive aud intransitive. The only utility in this distinction is its sub- 
servienoy to a ‘jrainriiatic rule, wliieli .says verlis active, or verb.s transi- 
tive, govern the objective ease , as truth ennobles Aer, she comforts 
Here ennobles is considered as a verb transitive, because the action 
passes over to the object ; and it that be represented by a pronoun, it 
must be in what is called the objective, or the accusative case: but 
such instances as 1 sit, he lives, they sleep, are denominaitd in- 
transitive, because the elfect is coiirmod w-ithiu the subject or nomina- 
tive of the verb; and does not pass ovei to any object 
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6. The person or thing that acts is called the agent, 
and the person or tiling acted upon is called the object ; 
as when we say, Alexander conquered Darius, Alex- 
ander is the agent and Darius the object. 

7. A vferb transitive supposes an agent and an ob- 
ject: — a verb intransitive miplies an agent, and has no 
object, as / ivalk ; but it may be followed by a noun of 
the same signification; as I run a race, 

8. To find the agent of a transitive verb, we ask the 
question, who, or what, before the verb ; as Who con- 
quered Darius? answer, Alexander, the agent. To find 
the object, you ask the question, Whom did Alexander 
conquer ? answer, Darius, the object. 

9. Tlie radical form of verbs, or that from which all 
the modifications of them are derived, is that in which 
they follow the particle to; as to love, to run. 

10. The auxiliary, or connecting verbs arc, am, are, 
be, become, is, was, were: and they serve to connect 
(qualities with their subjects, or are use<l in conjunction 
with other verbs ; as lam cold; John and James arc 
going to London ; God is good. 

1 1. The person or thing preceding a connecting verb 
is called the subject, and a quality or thing coming attci 
it is called the i)redicale. 

QUESTIOKS FOR EXAMINATION. 

1. IIow do you define a verb t 

t. How many kinds of verbs are tliere '* 

3. What IS meant by a transitive verb 1 

4. What is meant by an intransitive t 

6, What does a tiansitive verb imply ^ 

6. What do you mean by the agent and object? 

7, What does a verb transitive imply, and what a verb intran- 
sitive ? 

e. How do you find the agent and object of a transitive verb ^ 

9# What is tlie radical form of verbs ? 

10. Which are the auxiliary, or connecting verbs, and what is 
their use t 

11. What is meant by the subject and predicate ? 
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LESSON THE EIGHTH. 

OF VERBS, CONTINUET) — AND PARTICIPLES. 

] , The properties of verbs are mood^ teme\ number^ 
arid person. 

2. The mood^ is the mode or maimer of expressing 
the sense of the verb : there are four moods, viz., tlie 
indicative, imperative, subjunctive, and infinitive. 

3. The sense of the indicative is certain, and it simply 
indicates or declares a thing; as I walk, he is beaten. 
Or it asks a question, Does he walk? Was he huri'^ 
Have you learnt ? 

4. 'Hie imperative expresses a command, an entreaty, 
or permission : as go, run to the village ; remain with 
vs; ad as you please: go, run, remain, act: — these 
are all in the imp(*.rative. 

5. Tht‘ subjunctive mood expresses a thing condi- 
tionally, and is pritceded by a conjunction ex})ressed or 
understood; or its signification is uncertain and coniin- 
geut,*as under a condition, wish, supposition, &c. : as 
I Will love him, though he reprove. 7ne. Were he more 
kind, he tvould he more amiable: that is, if he were 
more kind, &.e. 

(i. Tlie infinitive mood is preceded by the preposition 
to. and is not limited by person or number, but ex- 
presses a tlnng in a general and unlimited manner; as 
to act, to run, to be loved. 

7. Tlie tenses mark the division of time : they are, 
(1.) The present, expressing the ti7n€ now: (2.) Tlie 
perfect, expressing time past : (3.) The future, express- 
ing time /o come. 

8. In verbs there are two numbers; singular and 
plural; and three persons, viz., first, second, and third, 
singular aud ]dural, answering to the pronouns, I, thou, 
he ; we, ye or you, they. 

9. All w’orcls whatever, except I, thou, we, ye or 
you, are of the third ]>ersou. 

JO. Tlie second person of the present tense, indi- 
<‘ative mood, is formed by adding sf or est, to tlie first 
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person; as love, loves^; walk, walkes^, according as the 
verb has, or has not, the final e. In the plural number 
there is no change : as we love ; ye or you love ; they 
love. 

11. The third person is formed by adding to the first 
th or eth; as love, loveM; walk, walke/A. But th or 
eth is often changed to 5; as he loveth, or loves; lie 
walketli, or walks. 

12. The first and third person of the periect tense, 
are formed by adding d or ed to the first person of the 
present, according as the verb has or has not the final 
e; as love, lovec?; walk, walke^i. 

13. The second person is formed by adding to tlie 
first person est, which is usually changed into st ; as 
loved, lovcde5#, lovcdi^ 

14. The future tense is known by the sign of shall or 
will; as I shall or imll love, thou shalt or wilt lore. 

15. The mtperative mood has only one tense, the 
present; and has the auxiliary verb let us its sign. 

If). The subjunctive mood has two tenses, ihe pn- 
sent and past : and has the signs may, cun, unglit, 
could, would, should. 

17. The injinitive mood has two tenses, tlie present 
and past ; as to love, to have loved. 

18. Participles are certain forms of the verb, and are 
so called from participating the active properties oi' 
verbs, and the form and construction of atljcctjvts. 
They are the present, and the past or perfect. 

19. The preseiH participle is frirrned by adding imj 
to the verb ; as waik, walkiwr/: if the verb end in c, the 
e is dropped ; as love. ]oyiny ; make, makirt//; he makes 
being, and dye dyeing. 

20. The perfect jiarticiple is formed by adding d or 
ed to tlic verb; as love, lovec?; walk, walked. But 
there are many exceptions; as write, written; draw, 
drawn; bind, bound; (fee, 

21. The perfect tense, and perfect participle of verbs, 
having only one syllable, and ending in d or f, are the 
same as the present ; as read, read, having read; hurt, 
hurt, having hurt. 
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‘22. In verbs ending in d, prececied by a diplithong, 
one of tlie vowels is dropped in the perfect tense and 
perfect participle; as bleed, hled^ having Med; feed, 
fed, fed, 

23. In verbs ending in ing and ch, the perfect tense 
and perfect partici[)le ends in ght ; as bring, hxonyht, 
teach, tauf/kt. 

24. Many verbs have tfie perfect tense and perfect 
])artici}>le ending in t; as dwell, dweU; leave, left; 
pass, pasr. 

26. Auxiliary verbs are used with other verbs to 
asc'ertain the time and other circumstances of an action 
with grenter precision; and in forming the tenses, the 
(diange of termination is confined to the auxiliary ; as 
1 do love; thou dost love; he doth love, &c, T arn 
loving, thou art loving. 

V rST J ON‘S F( ) ll^EX AMI^^ ATIOX . 

i , Wliat an) the properties of verbs 1 

'J. ,\Vhat js mejuit by the mood ^ 

.J. \V iiat is meant bv the indicative mood , ! 

1, hat IS meant bv the imperative mood'^ 

5. V\'hal is, meant by the subjunctive mood ’ 

6. How iH the infinUi%e mood hnown { 

7. For wdjat are the tenses used** 

h. How many minibers and persons are there? 

ih Of what jHTsou are words m gBueraF^ 

10. How IS the second person of the present tense, indicative 
mood, formed 

1 1. flow IS the tfiird peison formed ? 

J ‘2. Uow are tfm first and third persons of the perfect tense 
formed ’ 

I. *. How is tlie second person formed ? 

I I. How is the future tense hnown f 

1;>. IIow many tenses has the imperative mood, and what is its 
sign? 

16. How many tenses has the subjuiiciive mood, what are its 
signs ? 

17. What are the tenses of the inlimtive mood’ 

18. What are participles and why so called’ 

ly. How is tlio present participle formed ’ 

IIow is the perfect participle formed? 
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ai. In wbat case aretbe perfect tense un(3 perfect participle the 
same ns the present ? 

2^ii, In what case is u vowel dreppeU in tlie perfect tense and 
perfect participle 'f 

S!3. In jWbal verbs do tbe perfect tense and perfect participle 
end in ^ht ? 

5?4. In what words do tbo perfect tense and perfect participle 
end in t ? 

si.'j. Hom' and for what purpose are auxiliary verbs used ^ 

LESSON THE NINTH. 

OF ADVLKUS, iniEPOStTIOKS, COlf JUNCTION'S, AND 
IXTF lU ACTION'S. 

1. An adverb is a part of speech joined to a verb 
an adjective, and sometimes to anothm' verb, to t',xpress 
some quality or circumstan(‘e respecting it; as lie writes 
v)ell; a truly benevolent man; he loiu^ht very brave Iff, 

2. Some adverbs admit of conqiarison ; as soon, 
sooner, soonest : and those ending in ly are compared 
by tlie words 7nore and ^mst; as ^odly, more t'odly, 
most godly. 

3. PreposHiouH express the relation that oiu* word 
has to another ; as he went, to ('lambridLre ; he walked 
from I/mdon to York in four days; they are supported 
by industry. 

4. Coujunefions join words and sentences together, 
and show the manner of their dependence upon one 
another; as John and James live in the country; I 
will run, ffyovi wish it. Conjunctions are either con- 
junctive, as and ; or disjunctii'c, as 7ior. 

5. Interjections are broken or imperfect words, de- 
noting some emotion or passion oi' the. mind ; as alas ! 
I dread to hear the news ; oh ! how anxious I am ! 

QUESTIONS l O ft EX A M I N ATI ON . 

1. Wbfit do you mean by an adverb t 

S. How are adverbs compared 

3, Of what use uie prepositions ? 

4, Of what use arc conjunctions ? 

5, What are iuterjectious'I 
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LESSON THE TENTH. 
syntax, 

1 . Syntax treats of the agreement and construction 
of words in a senteiK'e. 

2. A sentence is an assemblage of words forming a 
complete sense : the principal parts of which are the 
subject, the attribute, and the object, 

3. The subject is the thing chiefly spoken of; the 
attribute is the thing or action affirmed or denied of it ; 
and the object is the thing affected by such action ; as 
“Alexander pursued Darius;’’ “Alexander” is the sub- 
ject; “pursued” the attribute; “ Darius” the object. 

4. The subject is the nominative to the verb, and 
usuaiiy goes before it ; and the word or phrase denot- 
ing the object follows the verb. “ A prudent man re- 
strains his passions:” in this case a prudent man,” is 
the subject; “restrains” the attribute; “ his passions” 
the object. 

6. ^Syntax consists, (1.) ^)f concord^ wh*ch is the 
agrt‘omcnt of on<? word with another, in gender, case, 
and nimiber, (2.) Of government, which is the power 
which one ])art of speech has over another in directing 
its mood, tense, or case. 

6. A verb must agree with its nominative case in 
number and person; as “ I learn;” “ thou walkest ;” 

the man runs.” 

7. Two or more nouns singular, joined together with 
a conjunction copulative, have verbs and pronouns 
agreeing with them in the plural ; as “ Cicero and I 
arc well:’* but if the conjunction be disjunctive, the 
verb will be singular; as “ Thomas or John hopes to be 
at home.” 

8. A noun of multitude may sometimes have a verb 

or prououii agreeing w ith it, either in the singular or 
plural number; as “the multitude eagerly their 
pleasures;” or, “the multitude pursues plea- 

sures.” 

9. Pronouns must always agree wath their antece- 
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dents, and the nouns for which they stand, in p^ender 
and number; as ‘'TJic man whom I respect/’ This 
is the flower which I admire.” The boys and girls 
enjoy their play.” 

*10. When no nominative case comes between the re- 
lative and the verb, the relative is tlie nominative ; as 
“ Tlie friends who walked with us.” 

11. When a nominative comes between tlie relative 
and the verb, the relative is govenied by some other 
verb; as to whom 1 owe my being;” here the relative 
whom is governed by the preposition to, 

12. Every adjective Ixdongs to a substantive ex- 
pressed or understood; as Feic are really happy;” 
that is,/f?/>c persoyis, This is a beautiful plant;” that 
is, this plant is, &:c, 

13. The article n or av agrees with singular nouns 
otdy; but the article the may agree with singular oi 
plural nouns ; as the field,” “ the fields.” 

QU ESTl ox s FOR KXAMJ N ATI » )X' . 

1. C'f what does synOnt treat 

2. What is a seut^^nce ^ 

S. Explain wliat is meant by the subject, attribute, ami ohjccr, 
4, Which prec«‘(Jes, and which Tollows the verb ^ 
h. Uf what does syntax coTisist ’ 
b. How does a verb agree with its nominative case ^ 

7. In what case do singular nouns require plural verbs ’ 
a. May a noun of multitude have a verb plural ? 

0. Do pronouns agree with tlieir antecedents? 

10. When is the reiauve the nominative to the verb ' 

11. In w'hat case is it not the nominative to the verb '* 

12. Must every adjective belong to some noun * 

13. What is the difference in agreement between the indefinite 
article a or an, and the definite article tfw ’ 


LESSON THE ELEVENTH. 

SYNTAX CONTINUED. 

1. One substantive governs anotlier, siiinifying a dif- 
ferent thing in the possessive case ; as “ My brother’s 
horse.” 
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2. Transitive verl:» govern the objective case; as 
“ The master instructs me or him'* A good cause 
supports or them." 

3. One verb governs another in the infinitive mood ; 
as “ I am ready to answer him, or her/’ 

4. Participles govern the same cases as the verbs 
from which they are derived ; as His friend is weary 
in admonishing him." 

5. Adverbs are for the most part placed 'before ad- 
jectives, after transitive or intransitive verbs, and fre- 
quently between the auxiliary and the verb; as ‘‘He 
spoke a verg long time, and was attentively heard by 
all the company.” 

6. Two negatives destroy one another;* as, “His 
manner is not w/^graceful that is, “ He has a grace- 
ful manner.” 

7. Prepositions govern the objective case; as “He 
spoke well of her." “ 1 mn by her^ or him.'* “ They 
will come to vs." 

8,, Conjunctions connect the same moods and tenses 
of verbs, and cases of iiouns and pronouns ; as “ The 
friend praised and rewarded us.” “ The master re- 
proved and me, and her." 

9. Conjunctions that are of a positive nature require 
the indicative mood ; “ He is wealthy, because he is 
temperate but those that imply something doubtful 
require the subjunctive mood ; as “ Ifl were to admo- 
nisli him, he would not attend.” 

10. When the qualities of different tilings are com- 
pared, the latter noun or pronoun agrees with 'the verb, 
or is governed by the verb or the preposition expressed 
or understood; as “You w^alk faster than I;” that is, 
“than I walk.” “They were more* fortmnate than 
we that is, “ than we were,” “ He loved her more 
than me that is, “ more than he loved me.” “ It is 
better expressed byhim tlmnhcr that is, “than by her.” 

QUESTIONS FOR, EXAMINATION. 

1, How do substantives govern one another? 

2. What case do transitive verba govern ? 

C 
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3. In wbat mood does one verb govern another? 

4. What cases do participles govern ? 

5. How are adverbs placed ? 

6. What effect have negatives ? 

7. Wheft cases do prepositions govern ? 

8. What is the use of conjunctions? 

9. In wbat cases do conjunctions govern tbe indicative, and in 
wbat the subjunctive mood? 

10. Ill comparing the qualities of different thinge, ivitb wbat 
does the latter noun agree, or bj wbat is it governed ? 


LOGIC. 

ON THE CHARACTER AND WRITINGS OF LOCKE, AND TH£ 
UTILITY or LOGIC. 

“ Laying aside prejudice, whether fashionable or unfashionable, let 
us consider whether Logiu may be made subservient to any good pur- 
pose. Its professed end is to teac;h men to think, to judge, and to 
reason with accuracy.*’ — Reid's Appendix to Lord Karnes's -^ike/ch on 
the I*rincipln and Progress of Reason. 

At the head of the metaphysical speculations of the eighteenth 
century, the great names of Locks and Leibnitz are placed 
with indisputable propriety. Whatever may he thought of 
the truth of tlieir doctnntjs, or of their comparative rank in 
philosophical genius, it cannot be doubted that they exercised 
the chief influence on the opinions of the succeeding age. 
The spirit of every system which has since arisen is derived, 
direct!}' or indirectly, from one of them. Our illustrious 
countryman was a itative of Somersetshire ; Leibnitz was a 
German: and the genius as well as the character of the phi- 
losophy of these two eminent men were diametricall} oppo- 
site to each other. Their neanes are the most conspicuous in 
the two schools ^f jihilosophy, which, for want of better 
names, may be called ea^perimental and speculative j though 
some of their followers have gone nearer to both extremes 
than their masters, while others have remained at vanous 
points in the space betw'een them. There never were two 
contemporary philosophers whose genius were so dissimilar, 
and whose philosophical systems were so much at variance, 
not only in particular doctrines, but in spirit and tendency. 
It will be my business briefly to examine those of the former. 
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The character of Locke s writings cannot be well under* 
stood without considering the circumstances of the writer. 
Educated among the English Dissenters, during the short 
}.)eriod of their political ascendancy, he early imbibed that 
deep piety and ardent spirit of liberty which actuated that 
body of men ; and he probably imbiT>ed also, in their schools, 
the dispositimi to metaphysical enquiries, which has every 
where accompanied the Calvinistic theology. Sects founded 
in the right of private judgment natontUy tend to purify 
themselves from intolerance, and, in time, learn to respect 
in others the freedom of thought, to the exercise of which 
they owe their own existence. By the Independent divines, 
who were his instructors, he was initiated into those princi- 
jiles of religious liberty, which they were the first to teach 
and to <liscIose to the world. When free enquiry led him to 
milder dogmas, he retained the severe morality which was 
their honourable singularity, and which continues to distin* 
guish their successors in those communities which have aban- 
doned their rigorous opinions, llis professional pursuits 
afterwards engaged him m the study of the physical sciences, 
at the moment when the spirit of experiment and observa- 
tion was in its youthful fervour, and when a repugnance to 
scholastic subtleties ivas the ruling passion of the scientific 
w'orld. At a more mature age, he was admitted into the so- 
ciety of great wits and ambitious politicians. During the 
remainder of his life, he was often a man of hiuiness, and 
always a man of the world, without much undisturbed leisure, 
and probably with that abated relish for merely abstract spe- 
cidation, which is the inevitable result of converse with so- 
ciety and experience in affairs. But his political connexions 
agreeing with his early bias, made him a zealous advocate of 
liberty, in opinion and in government; and he gradually 
limited his zeal and activity to the illustration of such general 
principles as arc tlie guardimis of these great interests of hu- 
man society. Almost all his writings, even his celebrated 
and immortal Essay” itself, were occasioned and intended 
directly to counteract the enemies of reason and of freedom 
in his own age. The first letter on Toleration, the most ori- 
ginal perhaps of his works, was composed in Holland, in a 
retirement where he was forced to conceal himself from the 
tyraimy which pursued him into “a foreign land ; and it was 
published in England, in the year of the Revolution, to vindi- 
cate the Toleration Act, of which the author lamented the 
imperfection. 

His Treatise on Government*' is composed of three parts. 
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of difFeroiit character, and very unequal merit. The confuta- 
tion of Sir Robert Filmer, with which it opens, has long lost 
all interest, and is now to be considered as an instance of the 
hanl fate of a j)hilosopher who is eompelled to engage in a 
conflict with those ignoble antagonists, who acquire a mo- 
meutaay mqjortance by the dcfqpcc of pclxiicioua falsehoods. 

His “Essay on tin? Human Understanding’^ is the ttrst 
considerable contribution in modem times towards the cx- 
jicrimeutal jjliilosophy of the human mind. The road was 
pointed out by Bacon : but before Locke there was no exam- 
ple in inttilectual ])hiloso]>hy of an ample enumeration of 
facts, collected and arranged for the express purpose of legi- 
timate generalization, lie himself tells us, that his jmrpose 
was, “ in a plain liistoncal method, to give an account of the 
wa}'s by winch our understanding comes to attain those 'no- 
tions of things wc have.” In more modern phraseology, 
this would he called an attempt to ascertain, by obscri ntion, 
the most general facts relating to the origin of human 
knowledge. There is something in the plainness, and even 
iKimeliuess, of Locke’s language, which strongly indicates liis 
very clear conception, that expcncTicc must be his sole guiilo; 
and his unwillinguess, b) the use of scholastic language, to 
niiitatc the example of those wiio make a shew of cxplailiing 
facts, while iri reality they only “darken council words 
without knowledge.” He is content to collect the lavisof 
thought, asJie wxndd have collected those of any other obje(;t 
of pliysitial knowledge, from observation alone. 

Few books have contributed more to rectify prejiulicx? — to 
undermine established errors — to fiifl’uso a just mode of tliink- 
ing — to excite a fearless spirit oi cnqiury — and yet to contain 
it within the boundaries winch nature lias prescribed to the 
human umlerstanding. An amendment of the geuenil habits 
of thought is, in mo.d parts of knowietlgc, an object as iia- 
])ortaiit as even the discovery of new truths, though it is not 
so [laipable, nor in its nature so cjxpablc of being .estimalcd by 
supcrfleial observers. In the mental and moral world, which 
scarcely admits of any tiling which can be called discovery, 
the correction of the intcllet^tual habits is probably the great- 
est service w^hich can be rendered to science. In this respect 
the merit of Locke is unrivalled. Ills writings have diflused 
tliroughout the civilized world a love of civil liberty — ^tlie spi- 
rit of toleration and charity in religious diflcrences — the dis- 
position to rejert whatever is obscure, fantastic, or hypo- 
thetical in speculation — to reduce verbal disputes to their 
proper value — to abandon problems which admit of no solu- 
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tion — to distrust whatever cannot be clearly expressed — ^to 
render theory the aimjde expression of facts — and to prefer 
those studies which most directly contribute to hutnaii happi- 
ness, If Bacon first discovered the rules by which know- 
ledj^e is improved, Locke has most contributed totoake man- 
kind at larj]ce observe them. He has done most, though often 
by remedies of silent and almost insensible operation, to cure 
those mental dist'emjiers which obstructed the adoption of 
these rules; and thus led to that general diffusion of a healths 
ful and vigorous understanding, which is at once the great- 
est of all impnivements, and the instrument by which all 
other improvements must be accuniplished. He has left to 
liostority the instnuitive example of a prudent reformer, and 
of a philosophy temperate as well as liberal, which spares the 
feelings of the good, and avoids direct hostility with obstinate 
aud formidable prejudice. These benefits are very slightly 
(counterbalanced Ijy some political doctrines liable to misap- 
plication, aud by the scepticism of some of his ingenious fol- 
lo>Ncrs:\n incouvciueiice to which every philosophical school 
IS exposed, which does not steadily limit its theory to a mere 
exposition of ex])erience. If Locke maile few discoveries, 
Socrates made none. Yet both did more for the im]>rovement 
of the understanding, and not less for the progi s of know- 
ledge, than the authors of the most brilliant discoveries. 
Mr. Locke will ever he regarded as one of the greatest onia- 
rnonts of the English nation; and the most distant posterity 
will sjieak of him in the language of gratitude and ad- 
miration. 

“No man will sa}%’* says Dr, Held, ‘'that to think, to 
judge, and to reason with accuracy, is a matter of little nn- 
portau(‘e ; the only thing, therefore, that can admit of doubt 
is, whether it can la? taught. To i*esolve tliis doubt, it may 
be observed, that our ratiomd faculty is the gift of Cod, 
given to uicn iu very different measures : some liave a large 
portion, some a less ; aud when there is a remai’kable defect 
of the natural powcr> it carmot be supplied by any culture. 
But this natural jiower, even where it is the strongest, may 
Lie dead for want of the means of improvement. Many a 
savage may have been born with as good fatmlties as a New- 
ton, a Bacon, or an Aristotle ; but their talents were buried 
by liavnig never been put to use, whilst those of the philoso- 
jihors were cultivated to the best advantage. It may like- 
wise be observed, that the chief means of improWng our 
rational J>o\vcr is the vigorous exercise of it iu \ arioiis wa\s. 
and on different subjects, by which the habit is acquired of 
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eatercisiag it properly. Without such exercise, and good 
seme also^ a man who has studied logic oil his life may be 
only a pet^ant wrangler, without true judgment or skill of 
reasoning in any science/’ 

This w'afi undoubtedly Locke’s meaning, when, in hia 
"Thoughts on Educatioii,” he says, "If you w^ould have 
your son to reason well, let him read ChillingwcHth/’ The 
philosophy of mind has much enlarged, and altered, and 
improved the art of logic since Locke wrote : — ^to this im* 
provemcnt his writings nave greatly contributed ; and yet in 
the present day much less stress is laid upon it, and less time 
consumed in its studv. " His counsel,” therefore, to adopt 
the sentiments of a clever modem writer, "was judicious and 
seasonable : to wit, that the improvement of our reasoning 
power is to he expected much more from on intimate ac- 

S uaintance with the authors who reason best, than from sta- 
ying voluminous systems of school logic. But if he had 
meant that the study of logic was of no use, nor Reserved 
any attention, he surely would not have taken the pains to 
make so considerable an addition to it, by bis ‘ Essay on the 
Human Understanding,’ and by his * Thoixghts on the Con- 
duct of tlie Understanding;’ nor would be have remitted 
his pupil to Ohillingworth, the aciiteat logician, as well m the 
best reasoner of his age.” 

That a man may acquire the ability to think clearly and to 
reason justly in mathematics, and ]>erbii|>s in any other 
science, w ithout the aid of the principles and rules of logic, is 
indisputable. Good faculties, good examples, industry and 
assiduous exercise, may train a man to reason justly and 
acutely in his own profession w ithout mles. " But whoex^er 
thinks that from this concession he may infer the inutility of 
logic, betrays by this inference a great want of that art : for 
he might as well inftjr, because a man may go from London 
to Edinburgh by the way of Paris, that, therefore, any other 
road is useless.” 

Mental philosophy can consist of nothing but facts ; and it 
is at least as vain to inquire into the cause of thought, as 
into the cause of attraction. What the number and nature 
of the ultimate facts respecting mind may be, is a ques- 
tion which can only be determined by experience : and it is 
of the utmost importance not to allow their arbitrary multi- 
plication, which enables some individuals to impose on us 
their own erroneous or uncertain speculations as the funda- 
mental principles of human knowledge. No general criterion 
has hitherto been offered by which these last principles may 
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be di8tmg;m8bed f^om all other propositions. Perhaps a prac- 
tical standard of some convenience would be> that all rea^ 
soners shoM he required to admit every principle of which 
the denial renders reasoning impossible, this is only to re- 
quire that a man should admit in general terms tbpse princi- 
ples which he must assume in every particular argument, and 
which he has assumed in every argument which he has em- 
ployed against their existence. It is, in other words, to re- 
quire that a disputant shall not contradict himself : for every 
argument against the fundamental laws of thought absolutely 
assumes their existence in the premises, while it totally 
denies it in the conclusion. 

The art of reasoning involved in the science of metaphysics 
may be fairly appreciated by the universality of the practice. 
Do what we will, we must philosophize, well or ill; and the 
minds of the ignorant swarm with insect hypotheses ; they 
for ever genermize too soon, and too much. Objects at a (lis- 
tance, as seen by a mere glance, are much aJike, and all 
colours are the same to those that are in the dark. Lessing 
has declared, that if the Almighty had offered truth in %ne 
hand, and the art of searchitt’g for it in the other, he would 
have taken the latter. This is undoubtedly very strong; and 
very different is the fashionable creed in our time : though it 
is confessed that metaphysics are good preparatory studies, 
as some green crops may be profitably raised, if to be ploughed 
into the land intended to bear more useful grain. It is 
allowed, too, that they may invigorate the faculties, 'as archers 
strengthen their arms by shooting into the air. 

I think, however, that I shall render the young and anxious 
student in this most important science, an essential and ac- 
ceptable service, by arranging, for his help and direction, a 
list of the most eminent writers, in an order the most con- 
venient for study, and best t^alculated to facilitate a steady 
and regular progress. I place at the head of this list the 
immortal work which I have already briefly analyzed. 

Locke’s ‘‘ Conduct of the Understanding.” * 

The first book of his “ Essay.” 

Dimeau’s ** Logic not as a logic, but as a clear and ele- 
mentary exposition of Locke’f elementary opinions. 

Hobbes’s " Treatise on Human Nature.” 

The first nine chapters of the “ Leviathan.” 

Hobbes’s “ Treatise on Liberty and Necessitj\” 

I may observe, that Locke has borrowed from Hobbes, 
though he prudently did not venture to quote the latter, fore- 
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seeing that he should call up a host of implacable and power- 
ful enemies. 

Hartley’s ^^Theorj^;” paying no attention to Ins hyimthesis 
of vTibrations. 

The reipamder of Locke’s " Essav.” 

Collins on “ Libert}' and Necessity.” 

Dr. Clark's metaphysical works, 

Reid’s “Enquiry.” His larger work may be looked at 
cursorily. 

All Dugald Stewart’s works ; for though he is sometimes 
wrong in his elementary principles, be is always an instruc- 
tive, elegant, ami encouraging writer. 

Bcrkdcy *8 “Theory of Vision;” which I consider an in- 
estimable contribution to science. 

Whateley’s “ Logic.” 

Cudw'orth’s “ Immutable Morality.” 

Butler’s “ Analogy,” and all his “ Sermons.” 

Cooper’s “ Essay on Moral Obligation.” 

Hume’s “Enquiry into the Principles of Morals.”. 

3r. Johnson’s “ Review of Soame Jenyns.” 

Mackintosh’s “Dissertation to be r(‘ad with can% 

Dr. Brown’s “Lectures.” The ethical lectures seem to 
me inferior to the metaphysical, being not only woidy, hut 
erroneous in the fundamental principle. lie has miscon- 
ceived Hartley’s and Hume’s opinions ; yt't the earliest parts 
of the work arc of much value; especially his account of the 
origin of our notion of extension and eternal existence. This 
excepted, it appears to me that even his best jiassages are 
chieny commentaries on Hartley’s thoughts, though he does 
not seem to have read him carefully. Brown is also too de- 
clamatory, and too full of rejietitious. 

Mills’s “Analysis of the Human Mind.” 

The wTiters here recommended often differ essentially from 
each other; but it fiequently happens that to understand an 
author, it is necessary to look at his predecessors and his an- 
tagonists. In most speculations, prevalent ojiinions arc either 
disjiuted or defended. This should never l>c forg<ittcu, 

I am aw'are, likewise, that this is the road-book of a long 
journey ; but I believe, and have learned from my own expe- 
rience, tiiat, in such subjects, “ the farthest w^ay about, is tbe 
nearest way home.” Mr. Horne Tooke is reported to have 
said of intellectual philosophy, that he had become better 
acquainted with the country through having had the good 
luck sometimes to lose his way. 
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To the ardent and excited student, it is, I am persuaded, 
altogether useless to add one word as to the probable advan- 
tages of such a laborious pursuit of first principles; being so 
well aware, as he must he, limited as is his experience, Uiat 
to begin at the beginning in the sciences, as well as in mat- 
ters of fact, is the nearest and safest road to the end. Even 
sensible men are too commonly satisfied with tracing their 
thoughts a little way backwards; and they are, of course, 
soon i>erplexed by a profounder adversary. In this respect, 
most people’s minds are too like a child’s garden, where the 
flowers are planted without the roots, it may be said of 
morals and of literature, as truly as of sculpture and painting, 
that to understand the outside of human nature, we should 
he well acquainted with the inside. It is well for those wlio 
can handle the anatomist’s knife, as well as the artist’s 
pencil. 


LESSON THE FIRST. 

INTROBUCTION. 

1, Logic, or the art of reasoning, is intended to 
guide and assist the intellectual powers in the investiga- 
tion of truth, and in the cominuniciition of it to others. 

Illustration. — Logic is not a mere explanation of 
scholastic and barbarous phrases ; nor a set of rules to 
teach the art of disputation : but it traces the progress 
of the human understanding in the acquisition of know- 
ledge, and thus suggests the best methods of avoiding 
error, and discovering truth. The object of this science, 
therefore, is to explain the nature of tlie human mind, 
and the proper manner of conducting its several powers, 
in order to attain knowledge and truth. It lays open 
those errors to wliich we are liable through inattention; 
and teaches us how to distinguish between truth and 
the appearance of it. By these means we become ac- 
quainted with the nature and the power of the under- 
standing ; see what things lie within its reach ; where 
w^e may attain certainty and demonstration ; and where 
we must be contented witli probability. 

2. The operations of the mind in acquiring and com- 
municating knowledge are, “ Perception,” * judgment,” 

c 2 
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“ Reasoning/* and “Disposition;” and into these parts 
logic is divided. 

3. Perception, or conceplioii, is the attention which 
the mind^ives to impressions madb upon it, and the re- 
sults of perception are sensations and ideas. 

Example. — We can conceive of a horse, a tree; of 
motion, time, &c.; which will produce corresponding 
sensations and ideas. 

4. Judgment is the operation of the mind by which 
we join two or more ideas together by an afHrmation or 
negation. Sentences called propositions are the effect of 
jud^gment. 

&tample. — “ This tree is high here are two ideas, 
one of a tree, and another of its height : the sentence is 
complete and affirmative. “ That house is not large 
this is a negative proposition. Both are the effect of 
judgment, 

5. In reasoning, we determine the relation between 
two ideas, by comparing them with a third idea, called 
the middle term. 

Example. — If we affirm tliat “ God will make a dif- 
ference between the evil and good,’* it is the result of 
reasoning, by whidi we suppose that “A just being 
will make a difference between tlie good and evil and 
also, that “ God is a just being.” 

6. The result of reasoning is an inference ; and the 
expresssion of an act of reasoning is called a syllogism. 

Ex. — A Creator is to be worshipped. 

God is a Creator ; 

Therefore, God is to be worshipped. 

Here is a syllogism ; and the inference is, that “ God 
is to be worshipped,” 

7. Disposition is the proper arranging of our ideas 
upon any subject, so as to assist our own and others’ 
conception and memory. The result of disposition is 
method. 

QUESTIONS FOR EXAMINATION. 

1. For what is logic intended ? 

Can yon give the illustration ? 
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2. What are the operations of the mind with xe^d to lo^c? 

3. What is meant by perception 1 
Give the example* 

4. What do you mean by judgment, and of what are sentences 
the edect? 

Bxplain what is meant by the examples. 

5. What is meant by reasoning 1 
Explain this by means of the example. 

6. What is the result anti expression of reasoning? 

Give the example. 

7. What is disposition, and tiie result of it ? 


LESSON THE SECOND. 

OP IDEAS. 

1. There are two modes of perception, viz., sensa*' 
tion and reflection. 

2. Sensation is the perception of an object by the 
organs of sense; which are five, namely, the “ sight,” 
‘‘hearing,” “taste,” “smell,” and “touch.” 

Illustration. — It is by our senses we acquire the 
ideas of light and darkness ; of heat and cold ; and all 
those other impressions which we term sensible qualities. 
It is so difficult to unravel the operations of the human 
understanding, and to reduce them to their first princi- 
ples, that we cannot expect to succeed in the attempt, 
but by beginning with the simplest, and proceeding by 
very cautious ste{)s to the more complex. The five ex- 
ternal senses may, for this reason, claim to be the first 
considered in an analysis of the human faculties. 

3. Reflection is the mind's perception of its own 
faculties and operations, and by this we acquire sensa- 
tions and ideas. 

Illustration.— Reflection pre-supposes sensation, as 
the impressions it furnishes are only the effect of the va- 
rions powers of the understanding, employed about per- 
ceptions already in the mind. 

4. A sensation is the impression made upon the mind 
by an object actually present ; an idea is a revived im- 
pression in the absence of the object. 
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Illustration. — ^The grand source and inlet of know- 
ledge is sensation, which comprehends all tlie notices 
conveyed into the mind by impulses made upon the 
organs of sense. 

5. Ideafe are either simple or complex. 

6. Simple ideas are those that exist in the mind un- 
der one uniform appearance, without variety or com- 
position : as a colour, or sound. 

7 . Cornplex ideas are those that may be divided into 
two or more simple ideas : as a square, a triangle, drc. 

8. Simple ideas enter the mind only by inlets appro- 
priated to this purpose, and it cannot refuse to receive 
them. 

9. Simple ideas are incapable of change, but they 
gradually wear out of the mind unless revived by the 
same means by which tliey w'ere originally acquired. 

Ex. — We soon forget the countenance of a man 
whom we have seen but once. ' 

10. Simple ideas are capable of combinations in an 
indefinite variety of forms, and are the materials of all 
our knowdedge. 

11. Complex ideas are either representations of ob- 
jects really existing, or collections made at the pleasure 
of the mind. 

12. The objects really existing are either substances, 
or modes. 

13. Substances are beings or things subsisting by 
themselves : as steel, brass, &c. Modes are the proper- 
ties of substances, and dependant upon them for sup- 
port: as hardness, softness, brightness, extension, &:c. 

14. Our ideas of substances extend only to their 
properties. 

15. Modes are either essential or accidental : an 
essential mode is that which is necessary to its existence : 
as solidity and roundness are essential to a bowl : an ac- 
cidental mode is that which is not necessary to the exist- 
ence of the subject : as roundness is only an accidental 
mode of a stone: the bowl cannot exist, as a bowl, with- 
out roundness, but a stone may. 
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QUESTIONS TOR EXAMINATION. 

1 . How maii3r modos of perception are there 1 

2. What is meant by sensation ; and which are the senses 1 

Give the illustration. , 

3. What do you mean by reflection 1 

WTiat does it pre-suppose ? A 

4. What do you mean by a sensation, and also by an idea?' 
Give the illustration. 

b. Ifow are ideas divided? 

6. What are simple ideas? 

7. What are complex ideas ? 

8. Ilow’ do simple ideas enter the mind ? 

9. Do simple ideas change, or wear out ? 

What IS the example ? 

10. Can simple ideas be combined, and how are they im- 
portant ? 

11. In what manner do complex ideas exist in the mind ? 

12. Into what are existing objects divided? 

13. What do you mean by substances and modes? 

1-1. I'o what do our ideas oT suhstmices extend? 

3 3. How are modes distinguished, and how are they defined 1 


LESSON THE THIRD. 

OF IDEAS AND WORDS, 

1. Complex ideas, consistim^ of collections formed at 
tJie pleasure of the mind, are produced by “ composi- 
tion/' “abstraction," and “comparison." 

2. Composition is the joining together two or more 
simple ideas, and considering them as one picture or re- 
presentation : such is a waggon, a mile-stone, &c. 

Illustration. — By adding units together we come 
to the combinations of dozen, score, hundred, <fec. 
Again, harmony is a compound idea made by the union 
of many sounds, 

3. Abstraction is the attention of the mind to those 
properties in an object which it possesses in common 
with others, while it overlooks those which are peculiar 
to it. 

Ex. — In contemplating a square, triangle, circle, &c., 
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we retaia only a notion of their figure, without regard to 
their size. 

4. Comparison is the act of the mind by which two or 
more objects being brought at once into the view^ of the 
mind, their mutual correspondences or relations are dis- 
covered. * Hence the ideas of greater and less; father 
andcnild; &c. 

5. Words are articulate sounds used as the signs 
of ideas. 

6. The connection between words and ideas is per- 
fectly arbitrary; but, by frequent use, a term becomes so 
strongly associated with an idea, that it never fails to 
suggest it. 

7. Tlie use of words is to record our own trains of 
ideas, and to communicate our thoughts to others ; our 
ideas are recorded by being clothed in words, and com- 
municated in writing. 

8. We communicate our thoughts to one another by 
a tacit agreement to annex the same ideas to the same 
words. 

9. Language may be resolved into nouns and verbs, 
with their abbreviations. 

10. Nouns express the names of things, and are 
either substantives, which are the things spoken of, or 
adjectives, which denote the qualities or circumstances 
belonging to them, 

11. Verbs express modes of existence, either simply, 
as ** to bef^ or existence in an active state, as “to 
run,"’ “to walk,” &c, : or existence in a passive state, 
as “ to be elected.” 

12. Indeclinable particles are abbreviations of nouns 
and verbs, invented tor the greater expedition of com- 
municating our thoughts : thus if signifies give : and 
signifies add, being the imperatives of the verbs. 

13. Simple words are the elements of language as 
simple ideas are of all knowledge. 

QUESTIONS rOR EXAMINATION. 

1. How are complex ideas, consieting of collections formed at 
pleasure, produced ? 
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3. What is meant by composition ? 

Giire the illustration. 

3. What is meant by iU>atraction ? 

4. What is meant by oom|Mui8on? 

5. What are words ? 

6. How are words and ideas connected ? 

7. What is the use of words ? 

8. By what supposed agreement are we enabled to coaunnm* 
cate our thoughts to one another? 

9- Into what is language resolved 1 

10. What is meant by nouns ? 

11. What do verbs express? 

13, What are indeclinable particles? 

13. What are simple words? 


LESSON THE FOURTH. 

or DEFINITION. 

% 

1 . Definition is an enumeration of the chief simple 
ideas of which a compound idea consists, in order to 
ascertain or explain its nature and character. 

2. Definitions are either nominal, of the name; or 
real, of the tiling. 

3. A Tuminal definition is an enumeration of certain 
marks or characters, sufficient to distinguish the thing 
defined from any other. Such is the definition of a 
square, as a figure containing four equal sides, and four 
right angles. 

4. A definition of a thing includes an enumeration of 
the principal attributes of the thing, in order to explain 
its nature : thus an isosceles triangle is a figure having 
the angles at the base equal. 

5. Definitions are either accurate or inaccurate ; the 
first are strictly definitions : the second only descriptions, 

6. The rules for a good definition are, (1.) It should 
lie clear, and more obvious, than the thing defined. 
(2.) It should agree to all the specbss indhided under the 
same idea. (3.) It must be peemiar to the thing defined. 
(4.) It should be short, (5.) Neither the thing defined 
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nor a mere synonymous name should make any part 
of the definition. 

QUESTIONS FOR EXAMINATION. 

1. Wfailt is a definition ? 

S. How are definitions distiuguisbed ? 

3, What do you mean by a nommU definition 1 

4. What is meant by the definition of a thing ? 

5, How are definitions distinguished with regard to accuracy t 

6. AVhat are the rules for a good definition 7 


LESSON THE FIFTH. 

OF JUDGMENTj TESTIMONY, AND PROPOSITIONS. 

1. When two ideas arc compared, they either concur, 
as snow and whiteness ; or they coincide, as (tocI and 
Creator : or they do not concur, as vice and usefulness ; 
or they do not coincide, as man and brute. 

2. when the concurrence or coincirlence of ideas or 
the want of it is perceived by the intervention of a third 
idea, this is called judgment, 

3. The sources of judgment are consciousness, sense, 
intuition^ and testimony. 

4. Consciousness is the mind’s perception of its own 
existence, faculties, and operations. 

5. The senses teach us the existence, properties, and 
powers of external objects . and the foundations of na^ 
tural knowledge. 

6. Intuition is the instant perception of the relation 
l>etween two ideas ; as “ the whole is greater than any of 
its parts, and equal to all its parts.” 

7. Testhnony is the criterion of facts, which do not 
fall immediately under our own observation. 

Illustration. — The province of testimony is the 
proof of facts, which, having happened in past times, 
or in distant places, have not fallen under the cognizance 
of the senses. Testimony must be true when the relater 
is not himself deceived, and does not intend to impose 
on others. 
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8. A judgment or mental proposition, is that union 
or separation of the ideas which is the result of the act 
of judging, and it may exist without any connection 
witli words, 

9. A proposition is a judgment clothed in words ; and 
it consists of three parts : the subject, the predicate, and 
copula. 

Ex. — 1. Virtue is excellent. 

2. Gold and silver are the most precious metals. 

Here virtue in the one example, and gold and silver 
in the other, are subjects : the verbs is and are the 
cojjulae ; excellent and ntost precious metals the predi- 
cates. 

1 0. Tlie subject of a proposition is the idea concern- 
ing which something is affirmed or denied : ihe predicate 
is the idea united to, or separated from, the subject : the 
cupida is the sign which represents the union or the sepa- 
ration of the subject of the ^>redicate. 

iLij’s riiATiON, — In the proposition, “ Wisdom is tlie 
principal tiling.’^ Wisdom is the subject, is the copula, 
and principal thing the predicate. 

1 1 . The several parts of a proposition are not always 
distinctly expressed, but are always understood: thus 
“1 walk,” *‘he pleads,” may be resolved into* “ I am 
walking,” ‘‘he is pleading.*' 

12. Propositions may be divided into affirmative and 
negative: the affirmative connects the predicate with 
the subject: as “gold is heavy:” the negative sepa- 
rates the predicate from the subject: as “Man is not 
perfect.” 

13. Propositions are universal and particular: in an 
universal proposition the predicate extends to the whole 
subject : as “ All men are mortal.” “ No man is truly 
happy.” 

14. The signs of an universal proposition are usually 
the words all, every, no, none, 

15. In a particular proposition the predicate is limited 
to a part of the subject : as “ Some people are good.” 
“ Many philosophers have been deceived.” 
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16. The 6tgns of particular propositions are some, 
many, few. See. 

17. Propositions are true or false : a true proposition 
unites ideas that agree, and separates those that disagree : 
as “ GoU is good.’' “ Men are not truly wise.” 

18. A false proposition affirms an agreement between 
ideas that disagree, and a disagreement between those 
which agree : as “ A good king oppresses his subjects,” 

Virtue is not the road to solid happiness.” 

19. A demonstrable proposition is one that may be 
proved by a train of reasoning, called demonstration : as 
“ Any two angles of a triangle, taken together, are 
greater than the third. 

Illustration . — Demonstration is a succession of 
connected propositions, beginning with self-evident, and 
advancing to remoter truths : such is mathematical de- 
monstration which begins with definitions; from these 
it axlvances to axioms, or self-evident propositions ; and 
thence to more remote truths. 

•20. Corollaries are inferences' deduced from truths 
already demonstrated. 

QUESTIONS FOR EXAMINATION. 

1. Wbat are the results of the comparison of ideas ? 

S. What is meant hy judgment? 

3. What are the sources of judgment? 

4. How is consciousness dehuod 1 

5. W'hat do the senses teach ? 

6. What is intuition 1 

7. What is meant by testimony ? 

Give the illustration. 

8. What is meant by a judgment, or mental proposition ^ 

9. What is a proposition ? 

Explmn this by examples. 

10. What is meant by the “subject/* “predicate/* and “co- 
pulaV* 

11, Are the several parts of a proposition always distinctly ex- 
preised? 

IS. How are propositions divided, and what do each mean ? 

13. What is the next division, and what is meant by an uni> 
veraal proposition? 



h^otc. 


43 


14. What are the signs of an muvetiml proposition? 

15. How is a particular proposition defined ? 

16. Which are the sigoa of a particular propositton ? 

17. How are propositions divhied os to their ttuth« and what is 

meant by a true proposition ? * 

18. Explain what is meant by a false proposition. 

19. What is a demonstrable proposition ? 

Give the illustration* 

SO. What are corollaries ? 


LESSON THE SIXTH. 

OF REASONING. 

1. Reasoninp^ determines tlie relation between two 
ideas, by the intervention of a tliird witli which they are 
compared. 

Illustration. — ^Wlien, for instance, we compare 
two figures of a different make in order to judge of their 
equality or inequality, it is plain, that, by barely con- 
sidering the figures themselves, we cannot arrive at an 
exact determination ; because, by reason of their dis- 
agreeing forms, it is impossible to put them together, so 
that their several parts shall mutually coincide.* Here, 
tlieii, it becomes necessary to look out for some third 
idea that will admit of such an application as the present 
case requires ; wherein if we succeed, all difficulties va- 
nish, and the relation we are in quest of may be traced 
with ease. Thus right-lined figures are all reduced to 
squares, by means of which we can measure their areas, 
and determine exactly their agreement or disagreement 
in point of magnitude. The manner of determining 
the relation between any two ideas, by the intervention 
of some third with which they may be compared, is that 
which we call reasoning: and is, indeed, the chief instru^ 
ment by which we push our discoveries, and enlarge our 
knowledge. The great art lies in finding out such inter- 
mediate ideas, as, when compared with Uxe others in the 
question, will furnish evident and known truths; because, 
as will afterwards appear, it is only by means of them 
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that we arrive at the li:nowIedge of what is hidden and 
remote. 

2. If the two given ideas agree with the third idea, it 
is evid€iat tliat they must agree with eadi other. If one 
agrees and the other disagrees, their mutual disagree- 
ment is inferred, 

3. Every act of reasoning consists of threci judgments, 
in two of which the given ideas are compared with the 
third idea, and in the last they are joined to, or separated 
from, each other. 

4. A syllogism is the expression of an act of reason- 
ing, and includes three distinct propositions. 

5. The intermediate idea made use of to discover the 
agreement or disagreement we are in search of, is culled 
the middle term, and the two ideas with which this third 
is compared, are called extremes. 

Ex. — 1. Suppose a comparison to be made between 
industry and honour; and utility be tl)e third idea : then 
the syllogism will stand. 

Whatever is useful is honourable. 

Industry is useful; 

Tliereiore industry is honourable, 

Ex.»— 2. If the inquiry be, whether a man is bound to 
cultivate his mind : I say, 

Every creature possessed of reason is bound to 
cultivate his mind, 

Man is possessed of reason ; 

Therefore man is bound to cultivate his mind. 

6. In syllogisms the proposition containing tlu', infer- 
ence is called the conclusion; the two preceding positions 
are the prenases, 

7. Of the two premises, that is called the major pro- 
position in which the greater extreme is compared with 
the middle term : the minor proposition is tliat in which 
the less extreme is compared with it. 

Ex, — In the syllogism. 

Truth is venerable, 

Christiiinity is truth ; 

Therefore Christianity is venerable. 
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Christianity,** ** Venerable,’* and Truth** are the 
three terms of the syllogism. ‘‘ Christianity” and “Ve- 
nerable” are the extremes, and “Truth” is the middle 
term. “ Venerable” is the wo/or, and “ Christianity” 
the minor term. “ Truth is venerable “ Christianity 
is truth;” are the premises: “ therefore Christianity is 
venerable,” is the conclusion. “Truth is venerable,” is 
xXic major proposition ; “ Christianity is truth,” is the 
minor proposition. 

[Syllogisms may l>e almost indefinitely varied, and 
each variety has obtained a distinct name; in this 
place a very few will be noticed.] 

8. Hy2}othctical syllogisms are those in which the 
major premise is an hypothetical proposition. 

E \ . — If there be a God he ought to be worshipped. 
But there is a God ; 

Therefore ho ought to be worshipped. 

9. A dilemma is a syllogisnf in which the consequent 
of tlie niiijor is a disjunctive proposition, which is taken 
awiiy in the minor: or it is an argument by which 
we endeavour to prove the absurdity or falsehood of 
some assertion. 

Ex. — If God did not create the world perfect in its 
kind, it must have been from want of inclina- 
tion or poww. 

But it could not have been from want of in- 
clination or want of power ; 

Therefore he created the world perfect in its 
kind. 

10. Analogy is an argument from proportionable 
causes to proportionable cftects ; and from similarity of 

instances to similarity of consequences. 

lilx. — All matter with which we are acquEunted gravi- 
tates; 

Tlieref^re gravitation is an universal property 
of matter. 

Ill LIST ration. — B y this mode of argument, we in- 
I’er that the sun will rise to-morrow, and the next day, 
and so on. Thus the philosopher believes that the pla- 
nets are inhabited : and the man of business regards it as 
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certain tha$ a dishonest and avaricious man will take an 
undue advantage in trade, where the opportunity occurs, 
as that fire will bum, or a ball will run down a hilL In 
other cases the argument cannot be much depended on, 
as wh^ we attempt to draw conclusions concerning the 
conduct of voluntary agents; this is owing to the diffi- 
culty which one person has to enter into the views, ob- 
jects, and feelings of another, and consequently to fore- 
see, in given circumstances, how another man will act. 

QUESTIONS FOR EXAMINATJON. 

1. What does the act of reasoning determine ? 

Illustrate the intervention of a third idea. 

5. In what case will two given idess be found to agree with 
one another ? 

3. Of what does every act of reaecming consist ? 

4. What is a syllogism ? 

b. What is meant Jby the middle term? 

What are the two examples J 

6. W^hat is meant by the conclusion and premises ? 

7. What is meant by the major and minor proposition ? 

Explain the several terms by the example. 

8. What do you mean by hypothetical syllogisms ? 

Explain the principle by example. , 

9. What is meant by a dilemma? 

Give the example. 

10. What is the nature of the argtunent from analogy 1 

Give the example. 

Show by the illustration ia what cases the argument is and 
is not very strong. 


LESSON THE SEVENTH. 

OF SOPHISMS, DISPOSITION AND METHOD, AND THE 
SOURCES OF EltUOR, 

1 . A sophism is a false syllogism not obviously appa- 
rent. Sophisms are as follow : — 

2. “A mistake of the question that Is, when a pro- 
position is proved which has no necessary connexion with 
the question: this is called ‘Mgnorantio elenchi as 
if unbelievers argue that Christianity is not true, be- 
cause transubstantiation is incredible here is a mis- 
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take of the question, by taking a <?orrtt|Jticii, of Chris- 
tianity for Christianity itself. 

3. “ Petitio prmcipii f ’ or ‘‘begging the question/' 
is taking for granted what ought tq^be proved. ^ 

4. “ Arguing in a circle/^ is to prove the premises 
by the conclusion, and the conclusion by the premises. 

5. Disposition^ in logic, is the arranging ideas so as 
to focilitate the recollection, the improvement, or the 
communication of knowledge. 

6. Method is the effect of disposition : it is the 
actual arrangement of ideas in the mind ; and is either 
analytic or synthetic. 

7. Method by analysis resolves a complex idea into 
its component principles. 

8. Method by synthesis begins with simple and self- 
evident principles, and advances gradually to remote 
and complex propositions. 

Illustration. — If I take a watch to pieces in order 
to understand its stnicture, I gain my knowledge by 
analysis; but if I acquire the same information by look- 
ing at the artist putting the parts together, I learn by 
synthesis. By analysis we learn, in experimental phi- 
losophy and chemistry, the parts of compound bodies. 
By synthesis we study the science of geometry. 

9. The sources of error are, (1.) the want of dili- 
gence in investigation. (2.) Judging of things by tlieir 
external appearances only. (3.) Comparing things with 
our own situation in life, or as they happen to affect us. 
(4.) The associating an idea with something disagree- 
able, or the contrary, (5.) Prejudices formed in our 
inlaiicy. (6.) Giving credit to the assertions of others, 
without inquiring into their motives ; and (7.) the force 
and influence of custom and fashion* — See Watts's 
Logic. 

QUESTIONS rOR EXAMINATION. 

1. What is a sophism ? 

W^hat IS meant by the sophism usually termed *'ignorantio 
elenchi f * 

3. What is meant by the petitio principii ?'* 

4, What do you mean by arguing in a circle ? 
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5. What Mispoaition m lo^c ! 

6. W^bat is method, and how many kinds of method are there ? 

7. What is meant by the analytic method ? 

8. What is meant by the synthetic method ? 

Explain the two metlbds by examples. 

9. What are the chief sources of error in judging; and arguing ? 

LESSON THE EIGHTH. 

OF TOPICS, VllOPOSmONS, OFMOUfSTKATlONS, A NO 
DIFFERE^JT KINDS OF AliOUMENT. 

1. Topics, or commoD-pluces, ,are g:cncral subjecls 
from whence arguments are drawn, such as history, 
philosophy, morals, &c. 

2. The proof of a proposition is a syllog^ism, or a 
series of syllogisms collecting that proposition fiom 
known truths. 

3. Where, the syllogisms depend wholly on defini- 
tions, intuitive truths, and propositions already esta- 
blished, the argument is called a mathematical demon- 
stration, 

4. Demonstrations are of two kinds, viz,, those a 
priori and a jmimorL 

5. Demonsirutions a prion\ argue from the cause to 
the effect: thus the future happiness of man is proved 
from the infinite goodness of God, 

Ex. — God is infinite iu power, wisdom, and benevo- 
lence : 

Thgefore, the universe that he made is uuli- 
mite<i in extent, duration, and felicity. 

6. Demonstrations a posteriori, argue from the effect 
tP the cause: thus the wisdom and the power of God are 
proved from the variety,unil y,and excellence of liis works. 

Ex. — The universe abounds in marks of excellent 
contiTvanc^ and ilesign : 

Therefore, tliere is a.ii intelligent and benevolent 
first cause of all. 

7. A direct argument is that which immediately 
proves the pro]}osition in (question. 

8. An indirect argument proves the conclusion, by 


»r 
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proving or disproving some proposition upon which the 
conclusion depends. 

9. “ Reductio ad absurdum,*' proves the conclusion, 
by demonstrating the absurdity of the contradictory pro- 
position. 

10. ** Argumentum a fortiori, proves the conclusion, 
by pfoving a less probable proposition on which the 
conclusion depends. 

11- Argumentum ad judicium,’' is an appeal to the 
common sense of mankind. 

12. “ Argumentum ad fidem,” is founded upon testi- 
mony either human or divine. 

13. “ Argumentum ad ignorantiam,” is founded upon 
iiisulhcient principles, which the opponent has not skill 
to refute. 

14. ‘‘Argumentum ad hominem,” an appeal to a 
man’s professed principles. 

I. 5. “ Argumentum ad veirecundiam,” is drawn from 
authority we are ashamed^ to dispute. 

lb. ‘‘ Argumentum ad passiones,” is an address to 
the j)ashions of the hearers. 

QUESTIONS lOR EXAMINATION. 

• 

J. AVhat do you mean by topics? 

2. ^Vhat is meant by the proof of a proposition ? 

J. What IS arithmetical demonstration t 

4. How many kinds of demonstrations are there? 

6. Wlmt is meant by demonstrations a priori ? 

Give the example, 

6. W hat IS meant by demonstrations a posteriori ? 

Give the example. 

7. What IS meant by a direct argument? 

b. What IS meant by an indirect argument? 

9. W'bat IS the nature of the argument “ reductio ad ab- 
surdum ?” 

10. W'hat is the argument "a fortiori?” 

11, What IS the argument ''ad judicium?” 

IS?. What is the argument “ ad fidem?” 

13. What is the argument “ ad ignorantium ?” 

14. What IS the argument “ ad hominem ?” 

16. What is the argument “ad verecundiam ?*’ 

16. What is the argument ** ad passiones 

D 
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RHETORIC. 

TUB NATURE AND UTILITY 01’ ELOQUENCE* 


“ Eloquence is the power of speaking with fluency and elegance.** 

i>r. Jokiuion'v Diviionary. 

“Eloquence is the art of speaking or writing well, so ais to move and 
persuade. — ('hamWrs'g Cyclop&nlia. 

Generally prevnlent as tlie stxidy of natural philosophy 
is at present in this kiri|»cloui, and particularly cultivated as 
this science has been by the most eminent and iniluenrial 
men of the age, it would be somewhat surprising if the ]>lii- 
losophy die fine arts were held in a just and ^u'opor- 
tioiiate estimation. Without incurring the suspicion ot think- 
ing disrespectfully of other pursuits, I may be permitted to 
say, tliat the stucly of tliat grand and sediu'ing science, na- 
lurid philosophy, has a tendeney to excite in its fc)!lov\ers 
low ideas of arts as useful as any that can be founded even 
upon its riobl<*st discoveries. It is true, that in distuiguish- 
ing the arts from each other, the fine arts have been usuallj 
opposed to the useful. But is not this improper ''^ and would 
it not be better, as well as moi*e just, to consider them as 
divided into the liberal and the racchanical ? Had I thought 
eloquence to be a tine art only, in the common sense of that 
tenu, 1 should have probably saved myself the trouble of 
thinking or writing about it at all. But I think otherwise ; 
eloqucniie, so iar as it is an art, is undoubtedly classeil with 
)>roprietv among the fine arts ; since the means it uses to 
etfcct its pur], loses are nut mecliamcal, and inasmuch as it is 
so constantly connected with- the strongest exerciaes of the 
iiaaginatioiK But surely it can nev^er he excluded from an 
ermneut place among the useful arts, so long as men have 
prejudices to he attacked, fears to he JiJlayed, hojies to lie 
excited, or passions to he moved ; and so long, it may be 
added, as they have understandings tx) be infiirmed. For 
])crhaps the most cxtcn.sive field for the display of real ability 
in speaking is, the rich, the vast, and hitherto im]>erfcetly 
cultivated tract of 'probable etidmee. 

Witliin the sphere of demonstration, indeed, eloquence has 
hut little to do, having only room enough to exhioit two of 
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her lowest qualities, persj)icuity and order ; but demonstra- 
tion, though absolute as far as her ])ower extends, reigns over 
a very narrow territory. I will not presume to go so far as 
some have done in their eulogiums upon eloquence, but 1 
w ill say, that that art Avhich teaches us how we ai*e likely, in 
the most effectual manner, to make ourselves masters of 
otluT mims’ minds by a}>eceh, must be permitted to rank 
very highly in the scale of useful studies. 

It has, m truth, been common with those men of sense 
who have thernselvt's been deficient in expression, to speak 
with contempt f)f the eloquence of others, and to represent it 
as useless, at least, if not highly dangerous ; nay, some men 
liaA'c very dexterously used the veiw mi itself to decry its im- 
|K>rtance, and to vilify its tendency. “ It is evident,” says 
Mr. Locke, “ how men love tj^ deceive, and be deceiveil ; 
.-.iiice rhetoric, that powerftd iustrumeiit of error and deceit, 
ha^ Its establisheti jirofessors, is ]>uhhcly taught, and has 
uhvays boon hud in great reputsition.”'*' What is the end 
of eloquence,” says tlu' acute and eloquent Warhurton, ‘‘ but 
to stifle reason and inflame the passions V”t The prejudices 
of Mr. Locke ivere undoubtedly honest, but they plainly shew 
that he mistook the abuse of the art for the art its.'df; and, 
haj)pjl> for uiaukmd, Bimou’s observation is true: — “No 
man can well speak fair of tilings sordid and ha.se, but in 
things honest it is an easy matter to be eloquent ” To the 
KiNhoji's uuthoritv it may he objected, as Tlmcydides says it 
was to Cleon’s, “ that because he used to lioid the bad side 
111 tile causes he pleaded, therefore lie was ever inveighing 
against eloquence and good speech.*' It wore easy to multi- 
pi} the examples of such misrepresentations; the sophists 
and the fathers of old, the metaphysieiaus and theologians of 
late, have united in abusing au mt which they wanted judg- 
rneiif., ns viell as taste, to uudcrstaml. Yet, in all the vanous 
uistanees of these inconsiderate attacks, it ever appeared to 
me, that Ihe objections and censures constantly arose from# 
iniscoueiqition of the real nature, of the ai’t. 

“ It is poor eloquence,’* says Sir Joshua Reynolds, “ that 
only shows a man cun talk.” 

Ami this sjiecies of eloquence, it must be confessed, abounds 
m the present day. There ai’c but few^ public speakers who 
give any attention to their m-t, excepting those who debase it 
by the ornaments of a most vicious taste. Not, indeed, that 
the tivo defects are often kept apart ; for some men appear 

* “Essay on llutnuu Umlerstaiiduig/’ Book 111. ch. 10. 

1 'Wurburton’a “ Doctuiu* of O’rai’o,'* ch. 9. 
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to bestow but little pains upon the preparation of the vilest 
composition that ever offended a classical ear, although it 
displays an endless variety of fer-fetched thoughts, forced 
metaphors, unnatural expressions, and violent perversions of 
ordinary 'language ; in a word, it is worthless, without the 
poor merit of being elaborate ; and affords a new instance 
how wide a departure may be made' trom nature with very 
little care, and how apt easy writing is to prove hard reading. 

Among the sources of this corruption may clearly be dis- 
tinguished as the most fruitful, the habit of extempore speak- 
ing acquired rapidly by persons who frequent popular assem- 
blies ; and, beginning at the wrong end, attempt to speak 
before they have studied the art of oratory, ()r even duly 
stored their minds with tlie treasures of thought and of lan- 
guage, which can only be drawn from assiduous intercourse 
with the ancient and modem classics. The truth is, that a 
certain j)roficiency in public speaking ina\ be attained with 
newly infallible certainty, by any person who chooses to give 
himself the trouble of frequently trying it, and can harden 
himself against the pain of frequent failures. Complete self- 
possession aud perfect fluency are thu.s acquired, almost me- 
chanically, and with little or no reference to the talents of 
him who becomes possessed of them. If he is a man of no 
capacity, his speeches will, of course, be ver\' bad; but, though 
he be a man of genius, they will not be eloquent. A sensible 
remark, -or a fine image, may frequently occur; but the loose, 
and slovenly, and poor diction, the want of art in combining 
and disposing his ideas, the inability to bring out many of 
his thoughts, and the utter incompt'tency to present anv of 
them in the best and most efficient form, will deprive such a 
sjieaker of all claims to che character of an orator, and reduce 
him to the level of an ordiiiaiy^ talker. The same man, had 
he never spoken in public, would have possessed the same 
iKiwers of convincing or expounding, provided he were only 
called upon to exert them in conversation with one or two 
persons Perhaps the habit of speaking may have taught 
him .something of arrangement, and a few of the 8implc*st 
methods of producing an impression ; but beyond these first 
steps he cannot possddy proceed by this empirical process ; 
and his diction is sure to be much worse thim if he had never 
made the attempt : clumsy, redundant, incorrect, unlimited 
in quantity, but of no value. Such a s{>eaker is never in 
want of a word, and hardly ever lias one that is worth having. 

It is a very common error to call this natural eloquence ; 
it is the reverse: it is neither natural nor eloquent. A [ler- 
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son under the influence of strong passions or feelings, and 
pouring forth all that fills his mind, produces a powerful 
effect on his hearers, and frequently attains, without auy art, 
the highest beauties of rhetoric. The language of the pas- 
sions flows easily ; but it is concise and simfde, and the op- 
posite of that w^ordiness which I have been describing. The 
untaught speaker, who is also unpractised, and utters accord- 
ing to the dictates of his feelings, now and then succeeds per- 
fc<jtly ; hut in those instances, he would not be the less suc- 
cessful for having studied the art ; Avhile that study would 
enable him to succeed equally in all that he delivers, and give 
liiin the same controul over the feelings of others, whatever 
might be the state of his own. 

Now I cannot imagine any better corrective to the faults 
of which I am complaining in the eloquence of modem times, 
than the habitual contemplation of those exquisite models 
which the ancients have left us — the chaste beauties of 
cla.ssic (ireek and Latin composition. Their perfect success, 
both in moving the audience to whom they were addressed 
and the readers in all ages who studied them, cannot be de- 
nied : their superiority to idi that has been produced in other 
countries is confessed. There may be — there must be — 
therefore, some use in obsenung how^ certaiidy they ^vere the 
result of intense ‘labour ; labour J>re^'iously bestowed to ac- 
quire the j)ower, and the utmost care used in almost every 
exercise of that power, Withoufsomewhat both ol’^this dis- 
ciiiline and this sedulous attention, it would be as vain to 
think of emulating those divine origiuids, by ilint of a habit 
of fluent speech attained through nmch careless practice, as 
to attempt jiainting like Haphael, without having learned to 
to draw , and by the help of some mechanic^d contrivance. 

It cannot hut have been matter of surprise to such as are 
conversant with the works of the most celebrated rhetoricians, 
that they should differ so generally and so w idely respecting 
the nature oi* the art which they profess to^ teach. In the 
fifteenth chapter of his second book, Quintilian states and 
refutes a great variety of different definitions, w^hich, even in 
his time, had been given of rhetoric ; and he censures among 
others, those that rested on the authority of names no less 
eminent than Isocrates, Plato, Aristotle, and Cicero. He 
then proceeds to express and support his ow n opinion ; but 
less skilfully, anil less successfully, than he had attacked the 
sentiments of his predecessors. The same irreconcUeable 
variety of opinion prevails among later writers on this sub- 
ject; which, to say the tmth, has been considered by so 
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many able authors^ and by some of such exalted reputation^ 
that the mention which I make of this difference among them 
may serve as my apology for presuming to go over the 
gjpound which such men have trodden. Since all cannot be 
right where all disagree, the authority of one serves to 
counterbalance that of another; and thus a man may be 
allowed to differ from any of thcm^ without dreading the im- 
putation of vanity. 

Perhaps the most sensible, most substantial, and most use- 
ful idea of eloquence, is that expressed by l)r, Campbell, in 
the first sentence of his “ Philosophy of Rhetoric Klo- 
quonce is that art, or talent, by W'hich a discoui’se is adapted 
to its end.” “ Whatever composition,” said the celebrate<l 
Mr* Wilkes, in one of his speeches, “^produces the effect 
whidi is intended, in the most forcible manner, is, in my t»pi- 
nion, the best, and most to be approved. That mode should 
always be pursued ; it has the moat merit, as well as the most 
success, on the great theatre of the w'orld, no less tliaii on the 
stage, whether you mean to inspire pity, terror, or any other 
passion.” It may perhaps be objetjted, that the word elo- 
quence has generally been used in a more limited sense ; and, 
to say the truth, it has by many been applied to dtuiote orna- 
mental composition only. But has not this arisen from a 
mistake, by which a part of the art has boett mistaken for the 
whole? Tills has been the case with poetry; and it is 
amusiiig;,'to observe the difficulties into which the error has 
brought many Icanied men, in their attempts to sidtle the 
nature and essential qualities of this noble tut. Some have 
thought its iiatuiT to consist in imagery, some in imitation, 
some in fiction, some in metre, and rtthers in passion ; 
whereas these are only so many ddtereut means employed 
by the jioet to effect Ins purposes, and are all mere t>f 
that of which it has been supposed they constitute the essence. 
However, let the common moaning of tlio term be what it 
may, we arc not now considering the arcc]>tatiori of a word, 
but the real nature of a serious art. The existence of such 
an art can hardly be doubted, for that would be to question 
w'hether men speak by accident or design, when they take no 
thought, or when they previously consider what they are 
about to do. Nature, it must be confessed, does mucl), and 
will not only lead, but compel us, on interesting ocjcasions, to 
use those forms of sjieech (even the most complex') which 
rhetoricians have ai’rauged and named. Perhaps no language 
is more natural than that W'hich abounds wdtli figure and 
allttflion. Yet still ability alone is not sufficient ; and a living 
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man, of high rank in politics, might be pointed out^ t^ho. 
though gifted far beyond any of his contemporaries, and 
greatly superior to them in acquirements, has yet been often 
a useless, and sometimes a dangerous, auxiliary, because he 
wanted the skill to manage his prodigious powers. He is ever 
saying something, only tor the sake of saying it, merely be* 
cause it is singular, heautiftd, or sublime, and without any 
regard to its effect on his auditors. A real thought he can* 
never dismiss, till he has inade it the subje(;t of innumerable 
comparisons, or darkened it by superabundant illustration.* 
If it be possible for such a waste oi talents to be occasioned 
by a deficiency in the art wc are speaking of, it may not be 
amiss to consider whether the definition given of it bj*' Dr. 
Campbell be the true one, and at the same time to examine 
tlie t)pinions of the oilier celebrated writers to whose defini- 
tions I have alluded, as they are maintained and defended by 
two authors of great reputation, an<l of peculiar abilities for 
the <Uscussion of such a subject. Dr. Browne, and Dr. Leland, 
both of whom have stated their sentiments at length ; the 
former in his Kssay on Ridicule/' and the latter in his 

Dissertation on the Principles of Iliiman Eloquence.'^ 

Dr. Browne speaks thus: — eloquence is of a vague, 
unsteady nature, merely relative to the imagination and the 
passions of mankind, si) there must he several orders and 
degrees of it, subordinate to each other in dignity, j'et each 
pmfect in its kind. The common end of eticb is perf^nasion : 
the means are different, according to the various capacities, 
fancies, and affections of tho.se w^om the artist attempts to 
persuade. The pathetic orator, who throw's a congregation 
of enthusiasts into tears and groans, would raise affections of 
a very different nature should he attemj)t to proselyte au 
English Parliament. As, on the other hand, the finest 
speaker that ever commanded the house would in vain point 
the thunder of lii.s eloquence on a Quaker meeting. — “ Essay 
on Ridicule,” sect, ,'i, p. 32. 

Of tins passage, Dr. Leland says, “ This is plausibly and 
ingeniously urged ; but the whole argument is founded on 
the supposition that eloquence and persuasion are one and 
the same, and that to be denominated au orator, no more is 
nece.ssary than to influence and move the hearer : a supposi- 
tion which cannot be admitted, however witty men may have 

* Tin* reader •will have no difficulty in reeoRni7.ing the individual here 
sdliuledto, although he may find obstacle'* beyimd the stnmgth of his 
candour to overcome, in pardoning the freedom of animaiversion upon 
so resplendent a mind and a genius as that of LordBaoLGHAM ! ! 
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talked of the ‘ eloquence of silence/ or the ‘ eloquence of 
nonsense.’ The alluring accents of an harlot move the sen- 
sualist; the abject and extravagant praises of a flatterer 
move the vain ; and the plain promise of a large reward, ex- 
pressed witliout trope or figure, may have the greatest power 
over the conduct of a traitor or an assassin. But it will by 
no means follow that the harlot, the flatterer, or the suborner 
is eloquent. To merit this praise, a man must persuade (if 
he does persuade) by the rem excellencies, the engamng and 
coheiliating qualities, of speech. So that the Doctor^ orator 
who throws a congregation of enthusiasts into tears and 
groans, is, in reality, no orator at all ; because he owes his 
indnence not to clearness and strength of reasoning — ^not to 
dignity of sentiment, force or eloquence of expression, and 
the like — but to senseless exclamation, unmeaning rhapsody ; 
or to grimace, to a sigh, to a rueful countenance ; and if ne 
would in vain endeavour to proselyte an English Parliament, 
it is for this reason that he is no orator ; nor can an^- man, 
without any one of the opposita, the rational excellencies and 
engaging qualities of speech, be said to possess a degree 
of eloquence perfect in its kind.” — Leland’s Dissertation,” 
ch. 14. 

What Leland says of Browne’s may as justly be said of 
his own argument, that it is plausibly and ingeniously usgedj 
but probably the opinion of neither is true. Although it may 
be acknowledged that “ eloquence is relative to the imagina- 
tion an(f passions of men,” yet it does not therefore follow 
that it is of a vague, unsteady nature.” It might as justly 
be said that the art of music is of a vague, unsteady nature, 
because it produces compositions so infinitely various; or 
that the art of the painter is liable to the same reflection, 
because it is sometimes exercised on cop])er, and sometimes 
on canvass. The arts themselves are fixed, steady, and im- 
mutable ; it is only the objects on which they operate that 
are various and penshable. Neither is it true that the onljf 
end of all eloquence is persuasion. An orator often un- 
doubtedly aims to persuade, but be generally has some other 
end in view. He frequently wishes to alarm, to arouse, to de- 
press, to excite our pity, or to fire our indignation, and some- 
times is only desirous to delight the imagination. Now these 
different objects can never be reduced under the general head 
of persuasion, without departing most unwarrantably from 
the common acceptation of that term. The ingenious in- 
stances add|^ced in the last sentence of the quotation from 
Brovime, are certainly not sufScient to prove either of his 
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positions : namely, that eloquence is of a vague, unsteady 
nature,” or that the “ common end of all eloquent discourse 
is persuasion.” The answer just given to the principles them* 
selves, will also destroy the application of these instances. 
And, in truth, the facts which he takes notice of igay be ac- 
counted for in a inuch more reasonable and unobjectionable 
manner. 

That the fanatic preacher, or the equally wild and illiterate 
political orator of public meetings, hustings, and tavern as- 
semblies, would produce no other effect in parliament but 
that of making himself ridiculous, is unquestionable and 
why ? Because, iu attempting to affect the house by the use 
of the same means as those tliat are successful in his own 
pulpit, or upon his own rostrum, he would cease to he elo- 
quent. He would be violating one of the fundamental rules 
of rhetoric, which teaches us that the speaker ought to have 
a constant regal'd to the quality of his audience. His ill suc- 
cess would therefore be ovring to his want of art. He would 
fail because he was iueloquent. The eloquence which he had 
displayed on his own ground would still be unim^ieaehable. 

The same reasoning is just as applicable to the parlia- 
mentary s[ieaker, who should point the thunder of Ins elo- 
quence on a Quaker meeting, llie thundering sort of elo- 
quence would be here misapplied ; and how' many soever he 
might use of those conciliating qualities of speech which 
Leland speaks of, he would still be unsuccessful, because his 
speech w^ould not be ad komines. Dr, Lcland’s remaiks axe 
truly sensible, and would not be liable to objection, if altered 
but a little. The addition to he recommended is a short ex- 
})lanation of w^hat he means by those' rational and real excel- 
lencies, those cauciliating qualities of speech, which he repeats 
as the basis of his reasoning. Had he been colled upon for 
such an explanation, he would, I am persuaded, have ex- 
])resscd himself so as to deviate materially from the truth of 
the case. He would probably have said, that nature had at 
first suggested certain forms of speech, w^hich rhetoricians 
had arranged and settled; and that these he meant to describe 
by the terms rational and real excellencies, engaging and 
conciliating qualities. This, others have said ; and to such 
let it be answered, that perhaps the most common faults of 
all bad writing arise from the supposition of something in- 
trinsically excellent and eloquent in ccrt%m forms of speech, 
even when considered without any view to the effects which 

• The proceedings of the House of Commons will supply facts to elu- 
cidate this reasoning, should the remler ask for them. 

D 2 
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they are fitted to produce. Most \^Titers, it must be con- 
fessed, employ tropes and figures, because they are tropes 
and figures, and not because they are calculated to produce 
certain effects on the minds of their readers or hearers. The 
•term eonoiliating is itself relative, and supposes somebody to 
be conciliated ; and these conciliatuig qualities of speech must 
vary as much as the tem{)ers and understandings of those 
who are to be conciliated. 

Instead, therefore, of couchiding, with Dr. Broune, that 
eloquence is of a vague, lui steady nature, or with Leland, 
that the enthusiast would fail because he is no orator, let 
these inferen(*es be drawn — that eloqucni'c is fixed on steady 
and unchangeable principles j that it is exceedingly extensive 
in its usfj, and relates to every kind of discourse or speech 
that can be imagined ; that he who follow's its prticepts in 
one instance, is in that instance truly elo<iuent, however he 
may iml of succ^ess when attempting another kind of speak- 
ing, wlietber it ho of a higher or lower degree ; and, in short, 
let Dr. Campbcirs definition be thought the true one, when 
he says that “ eloquence is the ait by which a discourse ik 
adapted to its cud.*' This definiiiou solves all difiieulties, 
e.vplaius anti, as it were, embodies all rules, and is the grand 
axiom by which the propriety of every' subordinate rhetorica.i 
prcc'C])t must be finally tried. If such conclusions can be 
satisfactorily drawn from the foregoing thoughts, the ex- 
amination of the subject has not been useless : for it is 
plainly of mattjrial conscqucucc to be ri^Iit in the first princi- 
ples of a practical question, since real conduct in life and 
Imsiness cannot but be greatly affected by their truib or 
falsehood. He w’ho thinks eloquence to be the art of det^eiv- 
ing, with Mr. Locke, will, if he be a good man, never study 
to be eloquent. lie who thinks it is speaking ornamentally, 
will be speaking ornamentally when speaking plainlv would 
lieniiorc efficacious. He will, most probably, be lavish of his 
tropes and figures when these ambitious dc(!orations should 
be shunned, or employed with the most sparing caution. He 
who thinks it consists in moving the passions, will often be 
weeping, unaccompanied by the tears of his auiUence : and he 
who thinks it is' the art of persuading, will not mifrequently 
be urgent when he ought to be instructive, or using vehe- 
ment entreaties instead of powerful proofs. He, and he 
onK, will not be cramped in the exercise of his art by the 
narrowness of his principles, who thinhs it is the art of 
speaking and writing in sack a manner as is most likely to 
obtain tke end which he proposes to himself in speaking or 
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writing. Does he address the multit\ide ? He will aim at 
being perspicuous, intelligible, and impassioned. Does he 
speak before men of learning, and such as are eloquent them- 
selves ? He will endeavour to be rational and concise. Does 
he desire to convince? lie will reason. Does he wish to- 
give delight ? He will be copious, tiowing, rich in imagerj^ 
and elegant in expression : nothing will be harsh, noS^g 
(tireless, nothing unpolished or repulsive. Does he mean to 
agitate or persuade ? lie vdll be warm, animated, and glow - 
ing. He will arm himself with the thunders and lightnings 
of eloquence ; or will speak in the mildest tone of insinua- 
tion, with “ ^bated breath and whispering humbleness.’^ In 
short, he will at all times accommodate himself to his situa- 
tion, and will never be seduced from fidelity to his object. 

Yet this is not all his praise, for it is not only on public and 
solemn occasions that lie will find opportunities to use his ma- 
nifest skill ; his eloquence is not only fitted for the bar, the 
puljiit, or the pubhc assemblies of the state, but for the num- 
berless interesting occurrences of private life; and may even 
descend to the narration of events, the composition of a letter, 
or the dexterous management of <jommon conversation. To 
men who, like myself, have lived in the w'orld, and seen, ay(‘ 
and FELT, real affairs, the utility of such a varied, accommo- 
dating, and ready skill, cannot lie too obviously appar ent. It 
is thus spoken of by Lord Bacon, and it is set down by him 
among the desiderata ; and with his words I will cojielnde : — 
Surely it wnll not he amiss to recommend this whereof 
we now speak to a new enquiry, to call it by the name. The 
Wisdom of Piuvate Speech ; and to refer it to deficients ; 
a thing certainly which the more seriously a man shall think 
of‘, the more highly he shall value.” 


LESSON THE FIRST. 

THE XATURE AND PARTS OF RHETORIC. 

1. Rhetoric is- the art of speaking or writing with 
persuasion, or that which enables us to apply language 
or l|)eech to the best advantage, and to attain the ob- 
ject for which it is written or delivered. 

2. In composition or discourse w e are, according to 
Cicero, to consider what is to be said ; how and in 
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what words it is to be said ; and, lastly, how it may be 
ornamented," 

3- In every reg^ular discourse will be found an ex- 
ordium, or introduction ; the statement of the subject ; 
the narrative or explanation ; the reasoning, or argu- 
mgpit ; the pathetic part; and the peroration, or con- 
clusion. 

4. The object of the exordium is to remove the pre- 
judices, and conciliate the good will of the hearers ; to 
awaken their attention, and to render them open to 
persuasion. 

5. In stating the subject, clearness and precision 
should be aimed at ; that speaker or writer is best 
attended to, who briefly and plainly gives the most ac- 
curate account of the points in question. 

6. The narrative of facts should place in the most 
striking light every circumstance which is to the advan- 
tage of the speaker, and soften such as appear to make 
against him. A perfect narration is one to which no- 
thing can be added, and from which nothing can be 
taken away without injuring tlie cause. 

7. In the argumentative part the speaker should pos- 
sess logic as a philosopher, and employ’ it as an orator. 
He should dispose his arguments in a natural and lucid 
manuer, and express them in such a style and manner 
as to give them full force. 

8. The pathetic part must not be continued too long, 
and should be considered as introductory to the perora- 
tion. 

9. The peroration, or conclusion, must be determined 
by the nature of the discourse, and the circumstances 
in which it is delivered: sometimes recourse must be 
had to a repetition of the argument; sometimes it 
should assume the tone of pathos ; and at others it 
should rise into dignity and coiifidence, 

10. Besides the parts just mentioned there 
quently room for digression, transition, and amplifi- 
catixm*. 

11. Digression, in dry discussions, is useful to relieve 
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the mind. But it must not be too long, nor introduced 
too frequently. 

12. Tramitions are forms in speech, used to remind 
the hearer, in few words, what has already beqn said, or 
what is intended to be said. 

13. By amplification the orator expatiates on a sub- 
ject in such a manner as to represent it in its full force, 
to convince the understanding and influence the pas- 
sions. He ascends from things particular to things 
general, or descends from things general to things par- 
ticular ; and he amplifies tacts from the circumstances 
of time and place. 

QUESTIONS FOR EXAMINATION, 

1. What is meant by rhetoric? 

2. What is Cicero’s rule with regard to composition? 

3. What are the parts of a regular discourse ? 

4. What is the object of the exordium ? 

6. In what way should the subject be stated, and who will 
gain the most attention ? 

6. flow should the narration be conducted, and what is es^ 
teemed a perfect narration I 

7. What is required in the argumentative part? 

8. Flow should the pathetic be managed ? ^ 

9. Is there any rule for the peroration ? 

10. Are any other things necessary in a regular discourse? 

11. For what is digression useful? 

12. What is meant by transitions? 

13. What is the object of amplification ? 


LESSON THE SECOND. 

OF WHAT RHETORIC CONSISTS. 

1 . The ancient rhetoricians distinguished their ora- 
torical compositions into three species ; the demon- 
strative, the deliberative, and the judicial. 

2. Tlie demonstrttive is chiefly conversant in bestow- 
ing praise or blame, and comprehends the funeral eulogy 
so celebrated among the ancients. 
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3. Deliberative eloquence comprehends all matters 
connected with legislation and government, and can be 
only cultivated in a free state. 

4. Judicial eloquence compreliends the whole extent 
of judicial proceedinjrs, both civil and criminal; that is, 
the attack and defence of persons and property. 

5. In writing, the style should possess the following 
qualities: purity; perspicuity; energy; harmony; dig- 
nity; and beauty. 

6. Purity of style consists in the choice of such 
words and phraseology as are agreeable to the most 
general and approved usage of the language in which we 
write. 

7. To dXtaim persjncuity , care must be taken to dis- 
pose both the words and parts of a scntcnc(‘ in such a 
manner as best agrees with their mutual connexion and 
dependence on each other. 

8. Energy, or vigour of style, depends chietiy on 
brevity, and a judicious use of tropes and figures. 

9. Harmony requires sonorousness, uniformity, and 
variety of cadence; to attain these there must l)e an 
intermixture of long and shoit words, and long and 
short sentences. 

10. Dignity, or sublimity, consists chu’fly in the se- 
lection of the grandest objects, and most striking i*ir- 
cumstances, figurative language, brevity, and the use of 
genera] terms. 

11. Beauty of style consists of an union of jmrity 
and perspicuity, a moderate use of tropes, and in har- 
mony. 

QUESl'IONS FOR EXAMINATION. 

1. How (lid tbe ancients distinguish their compositions'? 

2. In wlwH is demonstrative eloquence chiefly conversant '? 

а. What does the deliberative eloquence comprehend '? 

4. What does judicial eloquence comprehend ? 

5, What are the properties of a good style ? 

б. In what does purity of style consist '? 

7. How is perspicuity attained ? 

8. On what does energy or vigour of style depend '? 
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9. On wliat does harmony depend, and how is it attained? 

10, In what does dignity or aoblimity of style consist? 

11. In what does beauty of style consist ! 

/ 

ON STYLE. • 

Style is the peeiiliar manner in which a man expresses his 
cemeeptions through the mc^dium of language. It diifers from 
more language or words. Though the words which an autlior 
employs l)e unexceptionable, yet his style may be chargeable 
Avith great faults : it may be dry, stiff, feeble, affected. The. 
style of an author i^i always intimately connected with his 
manner of thinking ; it is a picture of the ideas which arise 
in his mind, and of the inanUcr in whicli they do arise. 
Hence tlui dilliciilty of drawing an exact hne of separation 
between the style and the sentiment. 

All that can he required of language is to convey our ideas 
cleavly to the minds of others, and at the same time to clothe 
them ill an advantageous dress. The two general heads of 
pers})ieuity and uniatueiit therefore comprehend all the qua- 
litH‘s of a good style. Perspicuity demands our chief care ; 
for IV tt bout this quality, tlic richest ornaments of language 
only glunuitir through ihe dark ; and puzzle instead of pleas- 
ing the riiador. An author’s meaning ought always to be 
obvwMis, even to the most careless imd inattentive reader; so 
that it may strike his mind, as the light of tlic sun strikes oin 
c\es. though they arc not directed towards it. We must 
study nol. only that (‘very reader may understand us, but that 
It shall be impossible for him not to understand us. If we 
are obliged to follow a writer with much care, to pause, and 
to read over his sentences a second time, in order to compre- 
hend the.m fully, he will never please us long. Mankind arc 
ttjo indolent to rehsh so much labour, Tliey may pretend to 
admire the author’s de])th after they have discovered his 
meaning ; hut they will seldom be inclined to bestow upon 
Ins work a second perusal. 


LESSON THE THIRD. 

OF TROPES, 

1. A trope differs from a figure in this, that the trope 
refers to a change in the usual meaning of the words ; 
but figures affect the construction of whole sentences. 
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2. Tropes are used to express the various ideas that 
occur from different associations, and analogies which 
spring up in the mind on viewing things in diflhrent 
lights. 

3. The principal tropes, and those that most frequently 
occur, are, metaphor; allegory; inetonomy; irony; 
synecdoche; hyperbole; climax; antithesis; prosopo- 
peia ; and apostrophe. Tropes may be called that sort 
of language prompted by the imaginations and the pas- 
sions : and they may be divided into figures of thought 
and figures of language. 

4. A metaphor is a comparison, without any words 
implying comparison. To say a man is like a lion/’ 
is a simile; but to say “he is a lion/' is a metaphor; 
hence Christ is called “ a vine," “ a door," &c. 

5. An allegory is a continued chain of metaphors in 
tlie sqme sentence or discourse, when one thing is said, 
and another meant : thus the Jews are represented in 
the scriptures under the allegory of a vine, planted, wa- 
tered, and cultivated by the hand of God, which instead 
of producing good fruit, brings forth sour grapes : — and 
the English poet, 

• *• Ha ! thou hast roused 

The liou in his den, he stalks abroad. 

And the wide forest trembles at his roar. 

I find the danger now,” 

6. A metonomy changes the names of things that are 
naturally, though not essentially, united, as the cause for 
the effect: thus Mars is put for War; and Bacchus for 
Wine. 

7. Irony is a trope in which one thing is said, and the 
contrary intended ; as to say of a notorious rogue, “ he 
is a very very honest man." The manner of the speaker 
gives force to this trope. 

8. Synecdoche is a trope in which a part is taken for 
the whole; as “thereof, for the house," “sail, for the 
ship." We say ten sail of the line, meaning ten ships. 
Another kind of synecdoche is when “ the matter of 
which the thing is made, is used for the thing itself as, 
“ steel for a sword," See. 



BHSTOBIC. 


66 

9. Hyperbole is a trope which exceeds the bounds of 
strict truth, and represents things as either greater or less 
than they really are ; it is the boldest of all tropes ; thus 
Virgil, speaking of Fame, says, 

** Her head reach’d heaT^JD, 03 011 earth she stood. 

10. Climax is when every principal expression in a 
period adds strength to that preceding it: thus it is said 
of the joys of heaven, “ that eye hath not seen, norear 
heard, neither hatli it enterea into the heart of man to 
conceive.” We hear of more things than we see, but 
tlie imagination can conceive of much more than falls 
under the cognizance of the senses. 

1 1 . Antithesis is a contrast drawn between two things, 
which thereby serves as shades to set off the opposite 
qualities of each other : a fine instance is given in Cicero's 
oration against Cataline : “ On the one side stands mo- 
desty, on the other impudence : on the one side fidelity, 
on the other deceit: here piety, there sacrilege: here 
contincncy, there lust,” &c. 

12. Prosopopeia, or personification, either introduces 
an absent person as speaking, or one who is dead, as if 
lie were ahve and present, or speech is attributed to an 
inanimate being : thus Anthony vents his pass ton over 
the body, of his slaughtered friend — 

O pardon me, thou bleeding piece of earth. 

That I am meek and gentle vrith these butchers ; 

Thou art the ruins of the noblest man 
That ever lived in the tide of timcB.’* 

13. Ill an apostrophe^ the speaker breaks off from 
the series of his discourse, and addresses himself to some 
particular person, present or absent, living or dead, or 
even to inanimate objects ; thus Dryden — 

“ Farewell 1 too little and too lately known. 

Whom 1 began to think and coll my own." 

QUEST! OUS FOB EXAMIU ATIOW. 

1. In what does a trope difier (rom a figure ? ; 

2. For what are tropes used 1 

3. Which are the principal tropes ? 

4. Explain what is meant by metaphor ? 

5. What is an allegory ? 
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6, Wbat does a metoaomy mean? 

7. What is meant by irony? 

U. Explain the meaning; of a synecdoche. 

9. What is meant by an hyperbole ? 

1 0. Wiiat is a climax '? 

11. Tell me what is meant by an antithesis, and g;ive the ex- 
ample. 

12, What is the object of a prosopqpeia? 

13, In wh^t does an apostrophe consist? 


GEOGRAPHY. 

UTILITY OF THE STUDY. OF THE DIVISIONS Ol THI 

SCIENCE, AND THE FIGURE AND MAGNITUDE OF TUI, 
EARTH. 

“ Methinks it would please any man to look upon a goographioal ui.i]> ’ 
Burton's Jinatomy oj Mt'lancho^ij, 

Amongst the various branches of science stmliod in oiu' 
academies, and places of public education, therti an* few of 
g;reatcr importance than that of geography, and tlic use of 
the globes. The earth is our destined habitation, anil the 
heavenly bodies measure our days and years by their \ anous 
revolutions. Without some acquaintance with the dihVrent 
tracts of land, the oceans, seas, &c. on the surlhce of the ter- 
restrial globe, no intercourse could be carried on with the in- 
habitants of distant regions, and consequently their manners, 
customs, &c. would be totally unknown to us. The ililfercnt 
tracts of land, &c. are described on tlic surface of a terrestrial 
globe, hut not so minutely as they arc on different maps ; ) et. 
the globe shows the figm-e of the earth, anil the relative 
situations of the principal places on its surface, moi*e cor- 
rectly than a map. 

Geography is the science that teaches and explains the na- 
ture and the properties of the earth, as to its figure, place, 
magnitude, motions, celestial appearances, &c. with the va- 
rious lines, real or imaginary, on its surface. The term is 
derived from two Greek woros, which signify the earth, and 
to desenbe. It is distinguished from Cosmography ^ as a part 
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from the whole; this latter considering the whole visible 
world, both heaven and earth : and, from Topography, it is 
distinguished as the whole from a jpart. Genseal or 
Universal Geography, is that which considers the earth 
in general, without any regard to particular countrid^; or the 
aifcctions common to the whole globe, as its figure, magni^ 
tude, motion, land, sea, &c. Special or Particular 
(tecjgrapiiy, is that which contemplates the constitution of 
the several j)articuliir regions, or countries, their bounds, 
iigurc, cliraati', seasons, weather, inhabitants, arts, customs, 
language, religion, &c. This science is considered in a still 
more extensive uiid comprehensive view by modern mathe- 
maticians, who divide it iuto Astronomical anA Physical Geo- 
graphy. Astronomical Geography comprehends the descrip- 
tion of the magnitude and figure of the earth ; the measure- 
ment of the degree of the UKjridian in diflerent latitudes, &c. 
Pliysical Geography, comprehends the division of the earth, 
aceordmg to the properties of the various substances which 
(‘oiiipose It, into sohil and fluid, air, water, seas, mountains, 
riv(*rs, ^Sic. cVe, 

'riie earth is one of the great bodies which compose the 
planetary system. It moves round the sim in an orbit neai’ly^ 
circular, and completes its revolution in the course of a year, 
while at the same tune it revolves continually upon its own 
axis, which is iiicliniHl to the plane of its orbit at an angle of 
()()4 degrv*CK: the time of a revolution being 23 houss and 56 
minuteh. 'Hie revolution of the earth round the sun is called 
its annual motion, and the rotation it performs on its own 
axis is called its diurnal motion. 

'riiat the earth is nearly of a spherical figure may be proved 
hy uiaiiy arguments: and since this conclusion has been drawn 
from phi> nomenu, which were not greatly complicated in their 
nal-ure, and which were intimately connected with the com- 
mon utFairs of life, it is reasonable to conclude that the atten- 
tion which wjis necessary to determine the returns of the 
jji’oper seasons for performing the labours of husbandry, and 
for the regulation of civil afiairs, would lead men at an early 
period of society to ibrm jiretty just notions of the figure of the 
earth. When the eiutli w’us once known to be spherical, the cu- 
riosity of man would naturally lead him to endeavour to measure 
its dimensions ; and we accordingly learn from history, that 
such attemjits ere made. But the first accurate measure that 
as made of the earth, of which w'c have any certain know- 
ledge, was that executed by M. Picard, in France, towards 
the end of the last ceutury, and wdiich has been verified sa- 
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in what way the earth may be measured ; the direction of 
gravity is always perpendicular to the earth’s surface ; hence 
it follows that the zenith of any place, or point of the heavens 
directly over our head, and also the horizon, which is a plane 
touching the earth’s surface at that place, will be continually 
dxanging, according as we change our position on the earth’s 
surface. Hence it follows, that as we travel from S. to N., 
the pole of the heavens, or that point in the heavens in which 
the earth’s axis w'hen produced meets the sphere of the fixed 
stars, will be more and more elevated above the horizon ^ the 
meridian altitude also of the stars in the northern regions of 
the heavens will appear to increase ; while that of the stars in 
the southern quarter will be diminished. By the elevation or 
depression of the stars, we shall know the angle formed at 
the point of concourse of perpendiculars drawn to the earth's 
surface at each extremity of the terrestrial arc; for this angle 
is equal to the ditFerence of the meridian altitude of the same 
star as seen from the extremities of the arc, diminished by 
the angle which the arc itself subtends as seen from the star ; 
which lost angle is altogether instmsihle. The number of 
degrees in the arc being found, it is only ne'cessary to deter- 
mine its length in some known measure, as a fathom, ^c. ; 
but as it would be a work of great labour to apply a measure 
to an arc of great extent, it will be siitlicituit if its extremi- 
ties be connected by a series of triangles to those of a base 
line of 3,000 or 4,000 feet in length ; and considt'ring the 
accuracy with which the angles of these triangles can be ob- 
served, the length of the arc may be found with great pre- 
cision. It was in this way that degrees of the meridian have 
been rej>eatedly measured. In France, for example, within 
these few years, an arc has been measured, extending from 
Dunkirk to Barcelona ; and the degree whose middle is si- 
tuated in lat. 45®, lias by this means been found to he 57,02I> 
toises.* 

Although the spherical figure be the most simple, and it is 
natural for man to suppose objects to be of that form which 
he most readily conceives, yet the simplicity of nature is not 
always measured by that of our conceptions. Infinitely va- 
ried in her effects, nature is only simple in her causes ; and 
her economy consists in producing a great number of phe^- 
nomena, often the most complicated, by means of a few 
general laws. The figure of the earth is the result of those 

* The tulse is a measure equal to Six French feet, and 107 French 
feet are equal to 114 English. 
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lawB, which, modified hy a peat variety of circumatancea, I 
may cause it to deviate sensibly from a spherical fiptre: and 
certain small variations in the length of degrees of the me* 
ridian, in France, suiiiciently indicated that such a demtion 
did exist; but the errors, whidi were unavoidable, in such 
observations, left this important phenomenon in a state of 
uncertainty. 

The Royal Academy of Sciences in Paris, in which this 
question had been warmly agitated, concluded with reason, 
that the difference of magnitude in the depecs of the me- 
ridian, if* real, would be sensibly perceiv^ by the compa- 
rison of degrees measured at trie equator and toward the 
l)oles. Acctudingly, about the year 1/36, a company of aca- 
detnieians, coin^msed of the most able mathematicians of 
France, were sent to the equator, where, having measured a 
degree of the meridian, they found it to contain 66,763 toises, 
which was shorter by 274 toises than a degree in lat. 46*^ N. 
Other academicians were sent to the north, and having mea- 
sured a degree of the meridian in Lapland, about the latitude 
of 66‘^ 2ff tnej^ found it to be 67,468 toises, which was greater 
than the degree at the equator by 686 toises. And by their 
measurements, the calculations cl our own illustrious astro- 
nomer, Sir Isaac Newton, were confirmed, and it was com- 
pletely jiroved that the earth was not exactly spherical. And 
in the year 175(), the same Royal Academy of Paris, appointed 
eight astronomers to measure the length of a degree between 
Paris and Amiens, and the result was 67,069, for the length 
of a degree : and other measurements of degrees made since 
that period, have all tended to shew that the degrees of the 
meridian gradually increase from the equator to the poles. 

Notwithstanding all the admeasurements that have hitherto 
been made, it has never been demonstrated, in a satisfac- 
toiy manner, that the earth is strictly a spheriod; indeed, 
from observations made in different parts of the earth, it 
appears tliat its figure is by no means tliat of a regular sphe- 
riod, nor that of any other known mathematical figure, and 
the only certain conclusion that can be drawn from tlie w'Orks 
of the several gentlemen employed to measure the earth, is 
that the earth is something more fiat at the poles than at the 
equator. The cormse of a ship, considering the earth a sphe- 
riod, is so near to what it would be on a sphere, that the 
mariner may safely trust to the rules of globular sailing, 
even though his course and distance were much more certain 
than it is passible for them to be. For wliich and similar 
reasons, mathematicians content themselves with considering 
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* the earth as a sphere in all practical sciences, and hence the 
artiheial globes are made f)erfcct]y spherical, as the best re- 
presentation of the figure of the earth. 

The following table of the tlimensions of the earth is given 
by Br. Hutton :ir- 

"" • y,570i miles 

‘ 25,0(K) miles 

f)9i English miles 
198,944 ,20() square miles 


The Diameter 
The Circumference . . 
A Degree contains . . 
Tlie Siqierfices 


The Solidity 263,930,000,000 cubic miles. 


LESSON THE FIRST. 

INTRODUCTION .-IND DEFINITIONS. 

1 . Geography is a description of the earth as con- 
sisting of land and water. 

2. The earth is a large globe, nearly 8,000 miles in 
diameter, continually revolving about tlie sun, at the 
distance of ninety-six millions of miles from that body, 
and turning on its own axis in twenty-four hours. 

3. More than two-thirds of the siirl'are of tlie eartli 
is supposed to be covered with water: tlie remainder, 
or land, is said to be occupied by a thousand millions 
of human beings. 

4. The land consists of continents, islands, peninsulas, 
and isthmuses; and the water of oceans, seas, gulfs, 
straits, and rivers. 

5. The map of* the world is divided into two hemis- 
pheres. The right, or eastern hemisphere, contains tlie 
three continents of Europe, Asia, and Africa, com- 
monly called the Old world, as having been known 
to the ancients. The left, or western liemispherc, con- 
tains tlie two continents of North and South America, 
called the New World, having been only discovered by 
Columbus in the year 1492. ^ 

6. An island is a portion of land entirely surrounded 
by water, as Jamaica, Great Britain, Ireland, &c. 

7. A peninsula is a tract of land almost surrounded 
by water, as the Morca, in Greece. Spain and For- 
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tu^al, taken together, may be considered as a peninsula, 
being joined to the continent by tlie Pyrenean moun- 
tains. * 

8. An isthmus is a neck of land which joins ^ penin- 
sula to a continent, or two continents together. The 
tract of land which joins Africa to Asia is the isthmus 
of Sue/ ; that which unites North and South America 
is called tlic isthmus of Panama. 

9. 'I'licrc are four oceans; viz. the Pacific, the At- 
lantic, the Indian, and the Northern Ocean. 

10. A sea is a smaller collection of water; as, the 
Mediterranean, the Baltic, the Blacky and Wliite Seas. 

i I . A gulf, or bay, is an arm of the sea which runs 
a considerable w^ay into the land; as the Gulf of Mexico 
and Guinea, and the Bay of Biscay. 

12. A strait is a narrow part of the sea, forming a 
passage from one sea to another; as the Straits of 
Gibraltar, Magellan, and Dover. 

A cape or promontory i^a point of land jutting 
out into the sea; as the Cape of Good Hope, and Cape 
Horn. 


QIIESTIONS FOR EXAMINATION, 

1 , 'SVbal is geography ? 

What IS the earth ? 

5. W'httt proportion of land is there to water on the surface of 
the earth 

4. Of what parts do the land and water consist? 
h. What are the hemispheres ? 

6. AVhat 18 an ishmd ? 

7. What IS a peninsula? 

8. What 18 an isthmus ? 

u. How many oceans are there, and point out by the map how 
they are situated? 

U>. What is a sea, and point out those which are mentioned? 

1 1 . What is a gulf, and show me those mentioned ? 

I'.i'. What is n strait? 
l‘>. What is a cape ? 
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LESSON THE SEQOND. 

^ EUROPE. 

1. Europe, the smallest of the four divisions of the 
globe, is bounded on the east by the Black Sea and 
Asia: — on the north by the Frozen Ocean: — on the 
west by the Atlantic Ocean : — and on the south by the 
Straits of Gibraltar and the Mediterranean Sea. 

2. Europe comprehends Lapland, Norway, Sweden, 
Denmark, Russia, Prussia, Holland, the German Stales, 
Austria, Bohemia, Hungary, Turkey, France, Switzer- 
land, Italy, Spain, Portugal. 

3. The principal islands are, Great Britain and Ire- 
land, Iceland, Zealand, Corsica, Sardinia, Sicily, Candia, 
Ivica, Majorca and Minorca. 

4. The three European seas are, the Mediterranean, 
the Baltic, and the White Seas. That part of the 
Mediterranean which lies east of Candia is called the 
Levant. 

5. The chief rivers in Europe are the Wolga, the 
Danube, the Nieper, the Rhine, the Rhone, and the 
Elbe.'* Rivers always rise in the high lands and flow 
towards the sea. 

6. The right bank of a river is that which is on the 
right hand when sailing down the stream ; and the left 
bank on the opposite side. 

7. The principal mountains are the Alps, which se- 
parate Italy from Germany, Switzerland, and France : 
— the Pyrenees between France and Spain : — the Do- 
frafeld Mountains between Norway and Sweden : — und 
the Carpathian Mountains, which bound Hungary on 
tlie north and cast. 

8. The European capes are North Cape, the Naze, 
Capes La Hogue, Finisterre, St. Vincent, and Matapan, 

QUESTIONS FOR EXAMINATION. 

1. How is Europe bounded? 

Point out its extent on the map. 



% Wb&t countries does Europe oomprehend ? 

Point them out on the map* 

3, Which are the principal European islands ? 

Shew their .situation on the map. 

4. Which are the European seas ? • 

Shew their position. 

h. Which are the chief rirers of Europe, and where do rivers 
take their rise ? 

Point out on a map the course of the rivers. 

Which is the right, and wliich the left banks of a river? 

7, Which are the principal European mountains? 

Point out the direction of each range. 

8. Shew the European capes, and call them by their names* 


LESSON THE THIRD. 

NORTHERN EUROPE \N STATES. 

1 . Lapland, which is covered with immense forests of 
fir, is divided into Danisli, or North Lapland; Swedish, 
or South Lapland; and Russian, or East Lapland. 

2. Lapland is bounded on the north and east by the 
Northern and Wliite Seas, and on the south ar*d west 
by Sweden and Norway: its chief towns are Kola and 
Tornea. 

3. Denmark, including Norway, extends from the 
river Elbe in the south, to the northern extremity of 
Danish Lapland. 

4. Norway is separated from Sweden by the Dofra- 
feld Mountains: its principal towns are Bergen and 
Christiana ; and near its coast is tlie famous vortex called 
the Maelstroom. 

5. Denmark is surrounded by the sea, except on the 
south, where it joins Germany by the province of 
Holstein. 

6. It consists of the peninsula of Jutland, and ihii 
islands of Zealand, Funeri, &c. in the Baltic Sea. In 
Zealand is the capital, Copenhagen. 

7. Iceland, Greenland, and the Ferroe IsSlands are 
subject to Den'Vnark. 

8. Sweden is bounded on the north by Lapland, on 
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tbe east by Russia, on the west by llie Norwegian 
Mountains, and on the south by the Baltic, the Sound, 
and the Scaggarac. 

9. The chief towns are Stockholm, Upsal, Gotten- 
burg, Carlskroon, and Abo in Finland. 

10. Russia, a most extensive empire, is partly in 
Europe, and partly in Asia; in sonic parts it is said to 
be 9,000 miles in length, and nearly three in breadth. 

11. Rujisia is bounded by the Frozen Ocean on the 
north, by Asiatic Russia on the east, Tartary and Turkey 
on the south, and hy Sweden, Austria, and Prussia on 
the west. 

12. Tlic principal towns are Petershurgh, Moscow, 
Archangel, Cherson, Astmchan, and Tobolsk. 

13. The principal rivers are the Wolga, the Don, the 
Nieper, and Niester; and the chief lakes are Ladoga 
and Onega. 

14. Prussia is bounded by the Baltic and Russia on 
the north and east, by Germany on the west, and by 
Bohemia on the south. 

15. The chief towns are Berlin, Koniiigsberg, Breslaw, 
Warsaw, and Dantzic; and the principal rivers are tlie 
Vistula, the Pregcl, and the Meinel. 

16. It is divided into Royal Prussia, on the west of 
tlie Vistula, and Ducal Prussia on the east. 

17. Holland is bounded on the north by the German 
Ocean, on the west by the British Channel, on the east 
by the German Oce^n, and on the south by some of 
the newly acquired dominions of France. 

18. Holland consists of seven provinces, formerly 
denominated the United Provinces,” viz. Groningen, 
Griesland, Ovcryssel, Holland, Utrecht, Guclderlarid, 
and Zealand. 

19. The chief towns are Amsterdam, Leyden, Rot- 
terdam, Haerlcm; and the principal rivers are the Rhine, 
the Maese, and the Scheldt. 

QUESTIOlffS POU EXAMINATION. 

1. How i.s l.aplaQd characterized ? 

2. How )!$ Lapland bounded, and which are its chief towns 1 
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3, Wbat is the extent of Denmark ] 

4* How is IV urway characteriaed ^ 

0 , How is Denmai'k bounded? 

6. Of what does Denmark consist, and where is the capital ? 

7. What principal islands are.subject to Denmark '! * 

8. How is Sweden bounded ? 

9. Which are the Ohief towns of Sweden ? 

Point them out in the map. 

10. How' IS Tiussia chafacteriaed ? 

11. How 18 it bounded ? 

12. Wbat are the principal towns of Russia 1 

13. Which are the chief rivers? 

14. How is Prussia bounded ? 

15. Winch are the chief towns and rivers? 

16. How IS Prussia divided^ 

17. Hove is Holland bounded ? 

18. Of wbat does it consist? 

19. Which are the chief towns and rivers ? 


LESSON THE fOURTH. 

GEUM.^NY, FRANCE, AND SM^TZERLAND. 

1. The Austrian dominions are bounded on the west 
by the German states, on the north l>y Prussia, on the 
east by Russia, and on the south by Turkey in Europe, 
the Gulf of Venice, and Italy. 

2. Tlie principal states arc Ga-llicia an^ Bokovia on 
the north and east of tlie Carpathian Mountains ; from 
north-west to south-east arc Bohemia, Moravia, Huri- 
<rary, and Transylvania: and on the south are the Tyrol, 
Carintliia, Carniola, Croatia, and Sclavonia; Istria is 
situated on the Gulf of Venice. 

3. The chief towns are Vienna, Presburgh, Buda, 
Cracow, Trieste, and Venice: and the principal river is 
the Danube, whose length is estimated at 1 ,300 miles 
from its rise in Swabia, till it falls into the Euxine, or 
Black Sea : to this may be added the MOrau, the Adige, 
and the Elbe 

4. The principal mountains arc the Tyrolese, the Alps, 
and the Carpathian. 

5. The German States are bounded by Denmark and 
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the Baltic on the north, by Prussia and the Austrian 
dominions on the east and south, and by France and 
Holland on the west. 

6. Qermany is divided into that part which is north 
of the Mayne, and that which is south of it; both parts 
are subdived into parts, called circles, and these are 
again divided into principalities, duchies, electorates, 
bishopricks, &c. 

7. Ill Germany, north of the Mayne, are the circles 
of Westphalia, of Upper and Lower Saxony : the duchies 
of Meckleuburgh, Lunenburg, and Magdeburg; the 
bishopricks of Osriaburg, Munster, Wurtzburg, (fee. &c. 

8. In Germany, south of the Mayne, are the circles 
of Franconia and Swabia ; the bislioprick of Meiitz, 
the Palatinate, and Bavaria ; the duchy of Wurtem- 
burg : the bishopricks of Spii'e, Augsburg, <fec. 

9. The chief towns are Dresden, Hamburgh, Lcipsic, 
Frankfort, Munich, Wurtemburg, Augsburg, and Prague. 

10. The principal rivers are the Danube, rising in 
Swabia; the Rhine, the Mayne, and the Jilbe. 

11. France, one of the most westerly empires of 
Europe, is bounded on the north by the British Channel 
and Holland; by Germany,. Switzerland, and part of 
Italy on the east; on the south by tlic Mediterranean 
and Spain ; and by the Atlantic on the west. 

12. France was formerly divkied into provinces; but 
since the revolution it has been divided into depart- 
ments. 

13. Tlie principal towns are Paris, Lyons, Marseilles, 
Bourdeaux, Lisle, Valenciennes, Amiens, and Toulouse: 
the mountains p.ie the Alps, which separate it from 
Italy; and the Pyrenees, which, till lately, marked the 
boundaries between France and Spain. 

14. The chief rivers are the Rhone, the Garonne, the 
Loire, the Seine, and the Somme. France is likewise 
celebrated for its canals, the canal of Languedoc is 1 80 
miles in length. 

15. Switzerland, situated among the .Alps, is bounded 
on the north by Germany, on tile wx’st by JPrance, and 
on the south and east by Italy. 
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16. It is divided into cantons. Its chief towns are 
Bazil, Borne, Zuricli, and Lauzanne. 

17. The sources of the Rhine and Rhone, two of the 
grandest rivers in Europe, are among the mountains of 
Switzerland. The chief lakes are those of Constance 
and Geneva. 

18. Besides the Alps, which separate Switzerland 
from Italy, there are the'mountaius of St. Gothard and 
Mont Blanc, which are the most lofty of any in Europe. 

QUESTIONS FOR* EXAMINATION. 

1. How are the Austrian dominions bounded! 

2. What are the principal Austrian states and kingdoms? 

3. Which are the towns and rivers ? 

4. Which are the mountains? 

5. How are the German states bounded’ 

6\ How is Germany divided? 

7. What does Germany north of the Mayiie chiefly include? 

8. Which are the principal circles south of the xMayne? 

9. Which are the chief towns? ^ 

10. W^Jiich are the principal rivers? 

11. What are the boundaries of Franco? 

12. How is France divided ? 

13. Which are the principal towns and mountains? 

1‘1. Which are the rivers, ^nd for what else is France cele* 
hrated ? 

15. How is Switzerland bounded’ 

H). How is it divided, and what are its chief towns? 

.17. What rivers take their rise in Switzerland j and what are 
the lakes? 

1 8. W hich are the highest mountains in Europe ? 


LESSON THE FIFTH. 

ITALV, TURKEY aND ITS ISLANDS, SPAIN AND VORTU- 
(iAL, AND THE UNITED KINGDOM OF GREAT BRITAIN. 

1. Italy is boimded by the Adriatic and Mediterra- 
nean Seas, and by the Alps, which separate it from 
France, Switzerland, and Germany. 

2. It is divided into the SQUthem part, which com- 
prehends the kingdom of Naples: the central, which 
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consists of the dominions of the Church, and the kingdom 
of Etruria ; and the northern, wliich comprehends the 
kingdom of Italy, including Venice. 

3. Rome, Florence, Naples, Milan, are the principal 
towns; and the Po the chief river. The Tiber has been 
long celebrated; and so have the lakes Maggiore and 

^ Como. 

4. Sicily, the largest of the Italian islands, is sepa- 
rated from the south-west of Naples by the Strait of 
Messina, famous for the Scylla and Charybdis of the 
ancients. The chief towns of this island are Palermo, 
Messina, and Syracuse. 

5. Sardinia, Corsica, Malta, Candia, and Rhodes, 
are all considerable islands in the Mediterranean. 

6. Turkey in Europe is bounded on the north by the 
river Niester, and the Austrian dominions; on the east 
and south by the Black Sea, the sea of Marmora, the 
Archipelago, and Mediterranean; and on the west by 
the Gulf of Venice and Dalmatia. 

7. It is divided into provinces, of which the northern 
are Moldavia, Bessarabia, Wallachia,Servaa, and Bosnia : 
those in the middle arc Bulgaria, Romania, Macedonia, 
Albania, and Epirus; and tliSB southern are Thessaly, 
Achaia, and the Morea, which are called Greece. 

8. The chief cities are Constantinople, Adrianople, 
and Belgrade; and the most celebrated mountains aj-e 
Pindus and Olympus, which separate Thessaly from 
Epirus; Parnassus in Livadia; Athos and Haunus. 

9. The islands Eire numerous, of which Rliodes and 
Candia, in the Mtxllterranean, are the chief ; besides 
these there are Zante, Cephalonia, ("orfu, and others, 
west of Turkey, forming a republic of the Seven Islands. 

.10. Spain, on account oi its westerly situation, an- 
ciently called Hesperia, is bounded on the north by the 
Bay of Biscay and the Pyrenean Mountains; on tlie 
cast by the Mediterranean Sea; on the south by the 
Straits of Gibraltar; and on the west by Portugal and 
the Atlantic. • 

11. Spain is divided 4nto fourteen provinces. Its 
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chief towns are Madrid, Barcelona, Seville, Coruixua, 
and Cadiz; and the principal rivers are the Ebro, the 
Tagus, and the Douro. 

12. The chief islands near Spain are Majorca, Mi- 
norca, and Ivica. Gibraltar stands on a proihontory 
in the south of Spain. 

13. Portugal is bounded on the south and east by 
the Atlantic Ocean. 

14. It is divided into provinces, and its chief towns 
are Lisbon and Oporto. The Azores belong to the Por- 
tuguese. 

15. Tlie united kingdom of Great Britain and Ire- 
land, consists of England, Wales, Scotland, and Ireland. 

16. Tliese islands are situated in the Atlantic ocean; 
but that part of the ocean south of England is called 
the Straits of Dover ; on the eastern side it is called the 
German Ocean ; and the part between Great Britain and 
Ireland is called St. George’s Channel, or the Irish Sea. 

17. England is divided into forty counties; Wales 
into twelve ; and Scotland into thirty-three. 

18. Ireland is divided into four large provinces, viz. 
Ulster to the north, Leinster eastward, Munster south- 
ward, anti Connaught to the west; and these are sub- 
divided into thirty-two counties. 

19. The three capitals are London, Edinburgh, and 
Dublin. In England the three towns next in import- 
ance are Manchester, Liverpool, and Bristol; in Scot- 
land, Glasgow, Perth, and Aberdeen; and in Ireland, 
Cork, Limerick, and Belfast. 

20. The principal rivers in England are the Thames, 
the Severn, the Humber, the Mersey, the Trent, and 
the Medway; in Scotland they are the Forth, the Tay, 
the Dee, and the Don. 

21. The islands belonging to Scotland are the Shet- 
land, the Orkney, and the Hebrides or Western Islands; 
and the most considerable lakes are Loch or lake Tay; 
Loch Lomond, and Loch Ness. 

QlfBSTIO^NS FOR. EXAMINATION. 

1 . How is Italy bounded ? 

How is it divided, and of wbat do the divisions consist ? 
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Which are the principal towns and principal rivers ? 

How is Sicily characterized ? 

5* Which are the coinjiderable islands in the Mediterranean ? 

6. How is Turkey bounded ? 

7. Hpw is Turkey divided? 

8. Which are the chief cities and mountains ? 

S). Which are the principal islands ? 

10. What was Spain formerly called, and how is it bounded ? 

11. Which are the chief cities? 

12. Which are the principal islands, and bow is Gibraltar si- 
tuated ? 

1.'3. How is Portugal bounded? 

14. IIow is It divided, and wbal are its chief towns? 

1o. Of what does die united kingdom of Great Britain and 
Ireland consist? 

1£). How is it situated ? 

17. Into how many counties is the United Kingdom divided f 

18. How is Ireland divided? 

19. Which are the principal towns ? 

20. Which are the principal rivers in England and Scotland? 

21. Which are the islands and lakes of Scotland? 


LESSON THE SIXTH. 

ASIA. 

1 . The extent of Asia from the Hellespont to Enst 
Cape is more than 7,000 miles, anti its jL>:rcatest widtli 
north and south is about 5,000 miles. Its boundaries 
ai‘e Europe and the Arabian Gulf; the Frozen and 
Pacific Oceans. 

2. Asia comprises, according to Pinkerton, Asiatic 
Turkey and Hussia, the Chinese empire, Japan, the 
Birman empire, Siam, Hindostan, Persia, Independent 
Tartary, and Arabia. 

3. Tlie Asiatic islands are divided into the Oriental 
Archipelago; Aukralasia, or New Holland; and Poly- 
nesia, or the small isles in the Pacific Ocean. 

4. The oceans and seas adjoining Asia, are the 
Northern, Indian, and Pacific Oceans: 'the Black Sea, 
the Seas of Korea, Tonquin, and Siam; the Bay of 



GBOOftAPHY* 


81 

Bengal, the Arabian or Red Sea, the Persian Gulf, the 
Levant, and the Archipelago. 

5. The principal straits in Asia are Bhering’s, which 
separates it from America; the straits of Malacca, Sunda, 
Java, Sumatra, Ormuz, and Babelmandel, whicli sepa- 
rates Arabia from Africa. 

6. The principal rivers are the Kian Ku; the Koan 
Ho, the Lena; the Yenisei, and the Ob, the Amur, the 
Burrampooter, the Ganges, the Euphrates, and the, 
Indus. 

7. Tlie mountains, of most consequence, are the 
Uralian, the Altaian, Swanak, Yablonnoy, tlie Thamo; 
those of Thibet, the Taurus ; the Gauts of Hindostan ; 
and tlie Caucasian, which reach from the Black to the 
Caspian Sea. 

8. Asiatic Turkey is bounded on the north by the 
Black Sea and the Caucasian Mountains ; on the east 
by the Caspian Sea and Persia ; and on the south and 
west by the Red Sea, Arabia, add the Mediterranean. 

9. The chief towns are Aleppo, Damascus, Smyrna, 
Bassora, and Bagdad. The principal rivers, the Eu- 
phrates and Tigris; and the principal mountains, the 
Taurus, Libanus, and Ararat. 

10. Asiatic Russia, or Siberia, is bounded ^on the 
north by the Arctic Ocean ; on the east by the seas of 
Kamtshatka and Ochotsk; on the south by the Altain 
chain of mountains and other lofty ranges ; and on the 
west by European Russia. 

11. The chief towns are Astracan, Azof, Tobolsk, 
Kolywan, Irkutsk. 

12. The Chinese empire is of vast extent, and con- 
sists of China Proper, tlie territory of the Monguls, and 
the region of Thibet. 

13. China Proper, is bounded on the east and south 
by the sea; on the north by the great wall and the 
Desert of Shamo; and on the west by Thibet. The 
chief cities are Pekin, Nankin, and Canton. 

14. Chinese Tartary, or the territory of the Monguls, 
is bounded on the east by the sea, on the south by 
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Chioa Pmper and Thibet, on the west by tlie Cloudy 
Mountains and Great Buchari^i and on the north by 
Asiatic Russia. 

15 . Tjliibet is included between China and Hindostan. 
Tlie chief town is Lassa. 

16. Tlie Japanese Islands have been compared with 
the united kingrdom of Great Britain and Ireland, they 
form a great insular power near the eastern extremity 
of Asia, as the British Isles do near the western extre- 
mity of Europe. 

17. The most considerable of the Japan islands is 
Niphon: the chief towns are Jeddo, Miaco, and Na- 
gasaki. 

1 8. The Birman empire is bounded on the north by 
mountains that separate it from Asia, on the east it 
borders on T14bet and Cliina, and on the west it is 
separated by a range of mountains that sej)arate it from 
the British dominions in Bengal. The chief cities ar<‘ 
Ava and Pegm 

19. Hindostan lies to the south of Asia, and extends 
from Cape Comorin in the south, to the mountains 
which form the northern boundary of Cashmir. It is 
boiuid^l by Persia, Thibet,. the Birman empire, and the 
sea. The chief cities are Calcutta, Dacca, Poka, and 
Benares. 

20. Persia has the Caspian Bea and part of Tartary 
on the north, India on the east, it is bounded by the 
ocean and Persian Gulf on the south, and Asiatic Turkey 

, on the west. Its chief cities are Ispahan, Shiraz, and 
TefHiz. 

21. Independent Tartary extends east and west from 
the Caspian Sea to the mountains of Belur, and Irom 
the mountains of Gaur in the south to the boundaries 
of Russia. 

22. The divisions of Independent Tartary are, (1.) 
Tlie Steps, or barren plains in the north. (2.) The 
kingdom of Kharzan. (3.) Sogd. (4.) Great Bu- 
charia. (5.) The provinces of Balk, Kilan, and Gaur. 
The chief towns are Samarcaud, Ebkhara, and Balk. 
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23. Arabia is bounded by the Red Sea and the In- 
dian Ocean on the west and south, by Persia and the 
Persian Gulf on the east, and on the north by Asiatic 
Turkey. 

24. It is divided into Stony Arabia, north of the 
Red Sea, Arabia the Desert on the cast, and Arabia the 
Happy on the south-west. The chief towns are Mecca 
and Medina. 

25. The Eastern Archipelago is divided into the islands 
of Sunda, Borneo, the Manillas, the Celebesian Isles, and 
the Spice Islands. 

26 . Austraksui consists of New Holland, New Guinea, 
New Britain, New Zealand, and Van Diemenk Land. 

27 . Polynesia includes the Pelew and Ladrone Islands ; 
tlie Carolines and Sandwich Islands, the Marquesas, So- 
ciety, Friendly, and Navigator’s Islands. 

questio:ns Foa fxaaiination. 

1 . What ure the extent and boundaries of Asia t 

2. What empires does Asia comprise ? 

Point them out. 

3. How are the Asiatic islands divided ? 

4. What oceans and seas are adjoining tp Asia? 

Shew them on the map. * 

5. Which are the principal straits ? 

Point them out. 

6. Which are the chief rivers ? 

Trace them out on the map. 

7. Which are the principai mountains ? 

8. How is Asiatic Turks}' hounded ? 

9. Which ure the chief towns and mountains? 

10. How is Asiatic Hussia bounded ? 

11. Which are tlie chief towns? 

Of what does the Chinese empire consist ? 

13. How is China Proper boimded, and what are the chief cities ? 

14. How is Chinese Tartary bounded? 

tX How is Thibet rituated, and what is the chief town ? 

16. How are the Japanese Islands characterized ? 

17. Which is the most considerable of the Japan Islands, and 
what are the clyef towns 1 

18. How is the Birman empire bounded, and what are the chief 
towns ? 
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19* What are the extent^ boundaries^ and chief cities of Hin- 
doatan J 

20. Which are the boundaries and chief cities of Persia! 

21. What is the extent of Independent Tartaij ? , 

22. How is it divided ? 

23. What are the boundaries of Arabia ? 

24* IS Arabia divided? 

25. Of what islands do the Eastern Archipelago consist ? 

26. VMiat does Australasia comprise t 

27. What does Polynesia include ? 


LESSON THE SEVENTH. 

AFRICA* 

1. Africa, a vast peninsula, in some parts more than 
4,000 miles in length, and as many in brea<lth, lies to th(' 
south of Europe, and is separated from Asia by the Retl 
Sea, 

2* Africa, according to Pinkerton, is dividc‘d into 
Abyssinia, Egypt, the Mahomedan states in the nortii- 
western parts of Africa, the colony of the Cap»t\ and 
eastern Africra. 

3. There are no inland seas, and /but one lake of any 
note, viz., the lake of Maravi; the chief rivers are the 
Nile, the Niger, and the Senegal. 

4. The chief mountains are the Atlas, that reach from 
Morocco to Egypt; and the Mountains of the Moon, 
among which the Nile taker, its rise. 

5. Abyssinia is divided into several provinces, of winch 
the principal arc Tigri, Grojam, and Dembea. frondai 
is the capital of the empire* 

6. Egypt, a kind of valley, through whicli the Nile 
flows, is 500 'miles in length ; and is bounded on the 
north by tlie Mediterranean, on the east by the Red Sea 
and the Isthmus of Suez, on the south by Nubia and 
Abyssinia, and on tlie west by Barca. 

7. It is divided into Upper, Middle, and Jxiwei . The 
chief cities are Grand Cairo, Alexandriif, Rosetta, and 
Daraietta. 
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8. Between Egypt and Afeyssinia is the ancient Ethi- 
opia, now denominated Nubia, an extensive tract, 600 
miles long, and almost as many broad. 

9. The greatest part of Nubia is occupied by vast 
deserts ; but Dongoia on the north, and Sennaar on the 
south, arc states of some small consequence. 

10. The northern Mahomedan states are Tripoli, Tu- 
nis, Algiers, and Morocoo. Tripoli is Africa Proper, 
and the Lybia of the ancients : Tunis was formerly the 
chief seat of Carthaginian power, 

11. On the western coast are Sierra Leone ; Guinea, 
divided into the Grain, the Ivory, and tlie Gold coasts ; 
Benin, Loango, and Congo; Zaara, or the Great Desert, 
said to be lialf as large as Europe ; andCaffraria, that ex- 
tends to the Cape of Good Hope. 

12. The Cape of Good Hope is the most southerly 
])art of Africa. 

13. On the eastern coast of Afripa are Natal, Sabia, 
Sofala, Mocaranga, Mosambico, and Zangiiebar, which 
arc succeeded by the desert regions of Ajan and Adel. 

14. Madagascar, an island on the east of Africa, is 
one of the largest islands in the world. 

15. On the west is St, Helena, the Cape de V§rd and 
Canary Islands, and Madeira. 

questions for ex.-\mination. 

1. How is Africa situated 1 

2. How is it divided ? 

3. What is remarkable respecting Us waters ’ 

4* Which arc the chief mountains 1 

X How is Abyssinia divided, and what is the capital ? 

(i. What IS the extent, and what are the boundaries of Eg)*pt ? 

7. How is Egypt divided, and which are its principal cities'? 

B. How is N ubia situated ? 

9. With wbai is Nubia priucipslly occupied "? 

10, Which are the northern Mahomedan states'^ 

11, What are the principal places on the western coast? 

12. How is the Gajie of Good Hope situated ? 

13. What placifs are in the eastern coast ? 

14. How^ IS Madagascar situated ? 

15, What islands are on the west of Africa? 
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LESSON THE EIGHTH. 

AMERICA. 

1. America extends from the 72 degree north lati- 
tude^ to the 54"^ south latitude, or almost nine thousand 
miles in length, and in some parts of North America it is 
more than four thousand miles in breadth. 

2. America is divided into North and South, being 
separated by the Isthmus of Darian and Panama. 

3- North America includes the United States, the 
Spanish and British dominions, besides those parts that 
are still left to the native tribes. 

4. South America, independently of what remains to 
the native tribes, is divided among the Spanish, Portu- 
guese, French, and Dutch. 

5. Tlie inland seas of North America are the Gulfs 
of Mexico, California, and St. Lawrence, with Hudson’s 
Bay, and Davis's Straits. 

6. Tlie lakes, which make one of the grande‘?t fea- 
tures of the world, are Superior, Michigan, Huron, Wen- 
nipeg, and the Slave- Lake; and the principal rivers are 
the Mississippi, the Ohio, and the St. Lawrence. 

7. The most celebrated mountains are the Apalachian, 
passing through, the territory of the United States. 

8. The United States are divided into the northern, 
middle, and southern. (L) The northern include Ver- 
mont, New Hampshire, Massachusetts, Connecticut, and 
Rhode Island. 

(2.) Tlie middle consists of New York, New Jersey, 
Pennsylvania, Delaware, and the territory on the north- 
west o( the Ohio. 

(3.) The southern are Maryland, Virginia, Kentucky, 
North Carolina, Georgia, and the country south of Ken- 
tucky. 

9. The chief cities are Washington, Philadelphia, 
New York, Boston, Baltimore, and Charlestown. 

1 0. The Spanish dominions are East Ind West Florida 
and the Mexicos. Louisiana formerly made a part of the 
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Spanish dominions, but was ceded to the United States 
for a sum of money. 

1 1 . The British dommions include Upper and Lower 
Canada, Nova Scotia, New Brunswick, the Inland of 
Breton, Newfoundland, and the Bermuda, or Summer- 
Islands. 

12. Tlie native tribes possess Greenland, Labrador, 
and the vast regions about Hudson’s Bay, and the 
country on the western coast. 

13. The West Indies, or West Indian-Islands, are 

situated between North and Soutli America ; of these 
the most important are Cuba and Porto Rico, Spanish ; 
St. Domingo, an independent Black empire ; and Ja- 
maica, English. , 

14t The Bahama Islands are situated north of Cuba 
and St. Domingo. The Caribbees extend from Tobago 
in the south, to the Virgin Islands in the north. 

15. South America has no inland sea ; but the rivers 
Amazon and those of La Plata and Orinoco are the 
largest in tlie world. 

16. The mountains are the highest on the globe ; the 
Andes extend four thousand miles, some of which are 
four miles high, and are perpetually covered with snow. 

17. South America comprehend Terra Pirma, New 
Grenada, Guiana, Amazonia, Peru, Brazil, Paraguay, 
Chili, and Patagonia. 

18. Buenos Ayres, Peru, Chili, and New Grenada, 
belong to Spain; Brazil to the Portuguese ; and Guiana 
partly to the French, and partly to the Dutch; Cayenne 
consists of a considerable territory on the continent, and 
of an island of the same name. 

19. Amazonia and Patagonia are still posseted by 
the native tribes, and each is divided into several king- 
doms. 

20. The islands contiguous to South America are Tri- 
uidud, the Falkland Islands, Terra del Fuego, Chiloe, 
and Juan Fernandez. The Gallipago Islands are near 
the eqxiator, atid the Pearl Islands lie in the Bay of 
Panama. 
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QUESTIONS FOR EXAMINATION. 

1. Of wkat extent is America? 

5, How IS it divided ? 

3. Wbat does North America include ? 

4. Among whom is South America divided ? 

3. Wliich are the inland seas of North America ? 

6, Which are the principal lakes and rivers ? 

7, Which are the most celebrated mountains ? 

5. How are the United States divided^ and what are the north* 
ern states ? 

Which are the middle states ? 

W hich are the southern ? 

9. Which are the principal cities of the United States ? 

LO. Which are the Spanish dominions ? 

1 1. Whicli are the British dominions ? 

Ii2, What parts do the native tnbes possess ? 

13. Which are the principal West India Islands, aiul how are 
they situated ? 

14. flow are the Bahama and Caribbee Islands situated ^ 

15. Has South America any islands, seas, or rivers '* 

1(3, What IS said of the mountains of South America' 

17. What does South America comprehend ? 

18. Under whose government are the several parts of South 
America^? 

19. ^ By whom are Amazonia and Patagonia possessed 
ifO. What islands are contiguous to South America ' 


LES^iON THE NINTH. 

GENERAL PRINCIPLES. 

1. The general curvature of the earth’s siiriaa^ is 
easily observable in the disappearance of distant objects ; 
for on the sea, when tliere is no obstruction to the sight, 
the upper parts of a vessel are first seen, and as the eye 
is more elevated, each part is sooner observed. 

2. Tlie eartlj is found to be of a globular figure, but 

not a perfect sphere ; the diameter between the poles 
being about thirty-four miles shorter than the diameter 
at the equator. * 

3. The earth is divided into zones and into climates : 





there are five zones; two frigid, two temperate, and 
one torrid zone. 

4. The torrid zone is limited by the tropics, wliich 
are 23^ degrees on each side of the equator : the frigid 
zones are within the polaf ch‘des, at 23 J degrees from 
the poles ; and the temperate zones are situated between 
tlie frigid and torrid zones. 

5. The climates are determined by the length of the 
longest day in different parts of the earth's surface. 

(>. The natural division of the earth’s surface is, as 
we have seen, into land and water. The lands are more 
or less elevated above the level of the sea, interspersed 
with lakes and oilier collections of water. The Caspian 
Sea is said to be 300 feet lower than the Ocean. 

7. If the surface of the earth were divided into 100 
parts, Europe would contain 2, Asia 7, Africa 6, Ame- 
rica f), Australasia b, and the remaining 73 parts are 
water, 

8. Tlic general inclinations of the continents are dis- 
covered by the course of the rivers, of which the priu- 
(upal, and in the order of their magnitude, are the Ama- 
zons, tile Senegal, and the Nile, the river St. Lawrence, 
the Mississippi, the Wolga, the Oby, the Amur, the 
Orinoco, the Ganges, the Euphrates, the Danube, the 
Don, the Dnieper, and the Dwina. 

P, In length the rivers will range differently, viz. 
(taking tlie length of tlie Thames for the Amazons 
will be lo^; Kiaii Ku 1.5 J ; the Hoango 13 J ; the 
Nile 12,^ ; tlie Lena 1 1 J ; the Amur 1 1 ; tiie Oby lOJ; 
the Jenisd 10; tlie Ganges, Burrampooter, Ava, and 
Wolga, each 9J; the Euphrates 8i; the Mississippi 8; 
DanulK^ 7 ; Indus ; and Rhine 

10. The. level of a continent may be obtained by 
tracing a line across it in such a direction as to pass no 
river ; this course indicates a tract of country higher than 
most of the neighbouring parts. 

Fihst Exercise. — With respect to the lei^el of the 
ancient continent . — Beginning at Cape Finisterre, we 
soon arrive at the Pyrenees, keeping to the south of the 
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Garonne and the ^Loire. Taking a long turn northwards 
to avoid the Rhine, w^e come to Switzerland, and may 
approach very near tlie Mediterranean in the state of 
Genoa, taking care not to cross the branches of the Po* 
We make a circuit in Switzerland, and pass between the 
sources of the Danube and of the brandies of the Rhine 
in Swabia. Crossing Franconia, we leave Bohemia to 
the north, in order to avoid the Elbe ; and coming near 
to the borders of Austria, '•follow those of Hungary to 
the north of the Vistula. The Dnieper then obliges us 
to go northwards through Lithuania, leaving the Don 
wholly to the right ; and the Wolga to pass still farther 
between Petersburgli and Moscow. We may then pro- 
*ceed eastwards to the boundaries of Asia, and thence 
northwards to Nova Zexnbla. Hence we descend to the 
west of the Oby, and then to the east of the branches 
of the Wolga, and the other inland rivers bowing into 
the lake Aral and the Caspian Sea, Here w e are situated 
on tlie widely extended elevation of India, in the neigh* 
bourhood of the sources of the Indus; and lastly, in our 
way from hence to Kamtschatka, we leave the Jenisci 
and Le^ on the left, and the Ganges, the Kian Ku, the 
Hoaii|fp, and the Amur to the right. 

Seco^jd ExEHCiSE.—Wi^/i respect to the direction of 
the mountains . — ^Tlie principal chain first constitutes 
the Pyrenees, and divides Spain from France, then 
passes through Vivarais and Auvergne, to join the Alps, 
and through tlie South of Germany to Dalmatia, Albania, 
and Macedonia : it is found again beyond the Euxine, 
under the names of Tufurus, Caucasus, and Imaws, and 
goes on to Tartary and to Kamtschatka. India is 
bounded from north to south by the mountains of the 
Gate, extending from the extremity of Caucasus to Cape 
Comorin. In Africa Mount Atlas stretches from Fez to 
Egypt, and the Mountains of the Moon run nearly in 
the same direction. There is also a considerable eleva- 
tion between the Nile and the Red Sea, 

11. In the New W orld the neighbourhood of the west- 
ern coast is in general the most elevated. In North 
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America, the Blue, or StoAy Mountains, are the most 
considerable; and the mountains of Mexico join the 
Andes or Cordeliers, which are continued along the 
whole of the west coast of South America: Chimboracao 
in Peru is the highest ; then Mont Blanc, and th^ Peak 
of TenerifFe ; the first is four miles high, the second 
three, and the last two and a quarter. 

(The pupil should trace aU these in his map,) ' 

QUESTIONS FOR EXAMINATION. 

1. How is the curvature of the earth's surface observed? 

2. Whttt is the figure of the earth, and what is the difference 
in the lengtlf of the diameter at the equator, and that between the 
poles ? 

:l. Ifovr is the earth divided with regard to zones? 

4. How are the zones situated 

5. Plow are tlie climates determined? 

ti. What is the natural division of the earth, and how is the 
hind situated with respect to tho sea ? 

7. How is the surface of the earth divided as to magnitude? 

8. IIow do you trace the genend inclination of a contiuont ; 
and which are the largest rivers, and the order of the magnitude ? 

9. In what order do rivers range a$ to their length? * 

Trace them in the map. * 

10, How ih die level of a continent obtained? 

Trace with a pencil the levol of the old continent, according 
to TCxercise 3 - 

Hoiut out the principal chains of mountains according to 
Kxercibe 2. 

11, Which are the highest mountains ? 

P*ouit them out. 
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CHRONOJLOGY. 

ITS UTitiTY. — T he Foua Ctranh epochs in the history 

OF SCIENXE AND THE PROOREHS OF HUMAN KNOW- 

LEDOE. — THE GENIUS AND PHIU)SOPHY OF BACON, 

An Epoch* or iBra, is a certain fixed point of time, maiie famous 
by some remarkalfie event ; from whence, as from a root, the ensuing 
years are numbered, or Computed.’* — Fprguwn*i AHtonumy. 

Chronology is that science which treats of time, and shews 
its ditferent measures, or cominitations, as they have been 
observetl by different nations. By chronolog\^ w e are enabled 
truly to date the beginning and end of the reigns of princes, 
the births and deaths of eminent persons, the revolutions of 
empires and kingdoms, the progress of civilization, arts and 
scitmees, Imttles, sieges, or any other remarkable events. 
Without this useful science, that is to say, without distin- 
guishing the times of events as (^arly as the nature of the 
case wifi admit, history would be%ttle better than a lu‘ap of 
confusion, destitute ol light, order, or beauty. Such arc fchc 
uses of chronology, 

I'licrc arc at least four grand epochs, which are eminently 
conspicuous in the progress of human knowledge- A descrip- 
tion ot these will exhibit one of tlic most important of the 
applications of which chronolo^ is susceptible; conve\' a 
comprehensive idea of historical divisions of time, and gather- 
ings and consolidations of events ; and appropriately intro- 
duce and illustrate the propositioiis and rules ot the following 
lessons. — The first of these , grand epochs, or mras, is the 
period of unknown antiquity, when the cultivation of know- 
leclgc began to >»e an exclusive occupation, and a sejiaratc 
profession, among those colleges of priests, who, whether 
established on the banks of the Ganges, the Euphrates, or the 
Nile, appear to have been the earliest instructors of thi; hu- 
man species. These g^tardians of infant science combined it 
w^h religion, and thereby rendered it venerable in the eyes of 
their untutored eontempomries; but at the same time enslaved 
it to their own superstition, and for ever stopped its progress 
at the point where it w^as bound to opinions held to be sacred 
and immutable. The useful institution of a distinct body of 
teachers, thus degenerated into a rigorous exclusion of {ill 
other men from learning ; and, according to the general sys- 
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tern of Eastern society, tbe iirst division of mental labour was 
followed by an hereditary monopoly. Impenetrable baiTiers 
on every aide surrounded knowledge, which hindered it 
equally from spreading or advancing. 

The second memorable period, is the emancipation of 
knowledge in the republic of Greece. It is now vain to in- 
quire by what steps the Egyj>tian and Phoenician colonists, 
who carried the arts of civiriife to the Pelasgie savages, were 
gradually led to forsake the peculiar institutions of. their fore- 
fathers, wliile they presen^ea the inventions and manners by 
which society had been improved. Tlie great rpolution, 
which gave to civilization a freer and more flexible form 
among tbe Hellenic nations, is anterior to the dawn of 
authentic hi storj’. At the moment of their flrst appearance 
to us, the Eastern monopolies were overthrown ; philosophy 
had thrown off the fetters of superstition ; learning was ac- 
cessible to all men; there was scarcely any separate, still less 
any hereditary, priesthood ; and knowledge occasionally de- 
scended to scuiie individuals among that degraded body of 
slaves, which, by the unhappy constitution of their society, 
contained the greater part of mankind. Everj* faculty of 
human nature Avas excitiM to the most inttmse avidity; 
and cvt'ry part of science presented a boundless jwospeet of 
improvement. The progress of knowledge, no longer checked, 
as in Asia, )jy mtcrual causes, was exposed to danger only 
from the iiolilical causes which affected tlic quiet and safety 
of the nations by which it was cultivated, and which* finally 
overthrew the rude governments and feeble independence of 
these splendid, but turbulent mid insecure communities. The 
structure of their society was not sufficiently strong to afford 
a lusting jirotection to the cultivation of knowledge. Greece 
lost both Uberty and inxkpendence, as soon os the Mace- 
donians became civilized enough to learn the art of wai*. The 
Roman genius <lid not long survive the downtall of freedom ; 
and universal despotism extinguished national emulation, 
patriotic feeling, and eute^irising ambition, together with 
talents for literature, skill in arts, and even military spirit, 
throughout the civilized world. All the objects of generous 
pur.suit which excite the activity of reason and genius, were 
placed at an immeasurable distance from every Roman pro- 
vincial. The empire w as too vast to be the country of any 
rnan ; and the province in which each individual w’as bom 
w as too much degraded to l»e regarded with complacency or 
pride. Mental refinement, as well as energy, had perished : 
and nothing hut the outward appearance and vulgar enjoy- 
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of civilization were left to be swept away by those 
illustrious barbadians, who were destined to rekindle the 
lii^er principles of human nature. 

^le third period is that knowm by the name of the middle 
ages, which comprehends the interval between the fall of 
ancient civilization and the formation of that system of so- 
ciety W’hieh diatinguisbes Europe in modem times. In the 
earliej' part of this period, the mind seemed on(*e more about 
to be shackled, and learning was again threatened with ori- 
ental bond'ige. Law and science were the exclusive posses* 
sion of the priesthood. ITie whole of the little knowledge 
then possessed by mankind was not too much for a single 
profesaian. An infallible church had almost imposed her yoke 
upon science, and seemed once more upon the point of ar- 
resting its progress, by combining the ])nnciplcs ot philosophy 
with the doctrines of her immutable theology. Had not the 
celibacy of the clergy prevented the sacerdotal office from be- 
coming hereditary, perhaps the Asiatic system might then 
have been completely re-established. But, on the contrary, 
as tlie ecclesiastical profession required labour anil study, 
which the barbarous ignorance of the nobles disdaiucil, the 
church was the road by which nuen of tJie lowest rank rose 
to the highest station, and thus became one of the most de- 
mocratuuil principles of society during the middle A 

logic, at first allowed only to defend received o))imons. at 
length gave rise to philosophical controversies ; which, dis- 
guised as they were under a barbarous jargon, contained the 
seeds of the <iee}>est and boldest speculatiims concerning the 
first principles of human knowledge. The revival of the 
Homan jurisprudence rescued law from absolute dependence 
on the clergy, and raised up forii*idable rivals to that body ; 
the cultivation of the vernacular language, and the study of 
ancient literature, diffused instruction and spirit among the 
laity ; and the mind of man w^as gradually roused to tliat 
revolt against all human authority over reason, which is the 
grand source of subsequent improvement in science, in art, 
in ^vernraent, in morals. 

irie fourth epoch is that of the second emancipation of 
science, armed with better instruments, supplied with far 
more abundant materials, ,and secured from attack or decay 
by a happier order of society. The reformers, who intended 
only to arrange the state of theologic^ opinion, restored man 
to the excriase of free reason. The innumerable inventions 
and discoveries which began in the middle of the fifteenth 
century, promoted equally the increase and the diffiiaioa of 
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kuoyv^lttdge. Civilization beoamo ins^a^egnal^le : the iwijendittit 
of civilized nations over the odter parts of the human species 
was no longer capable of being ahaken ; and, brom the begin- 
ning of this new careef of society, it became impossible to 
arrest its progress, or pemmnently to enslave the, under- 
standing. 

In the general history of the human mind, the Yeruiamian 
refbnnaticm of philosophy, may doubtless be regai*ded as a 
portion of that great revolution by which the fotnrth epoch is 
distinguished. But in the history of science it may, with 
propnety, he separated from the general movement of society, 
and considered apart as forming e. fifth epoch in the progress 
of knowledge. 

Columbus, Luther, and Bacon are, perhaps, in modem 
times, the men of whom it may be said, with the greatest 
probability, that, if they had not existed, the whole course Of 
human aflairs m after ages would have been varied. So much 
has been said of the genius of Baeon, and of tlie reformation 
which lie cliected in jihilosophy, that I should prove it to be 
vain to attempt any additional obsen^ation on that subject. 
But the most important of Bacon's citings has been illus- 
trated b}' a commentary, smldi indeed in extent, but, in my 
opinion, of inestimable value, as it cxliibits a perfect model 
of the method by which the wdiole of that great work m^ht 
he adapted to the jireseut state of science. I allude to Mr. 
Playfair’s observations on those parts of the Novum Organum 
winch relate to the various sorts of prejudice, and thh vom- 
purative value of facts in Yihysical enquiir, contained in his 
admirable lUscourse on the progress of the phytdeal and 
mathematical sciences. He thus eloquently describes the 
mind, and genius, and character of that extraordinary man : — 
Tlie jiower and compass of his (Bacon’s) mind, w'hich could 
form such a plan before himd, and trace not merely the out- 
line, but many of the most minute ramiiications, of sciences 
which did not yet exist, must be an object of admiration to 
all succeeding ages. He is destined, if indeed auy thing in 
the world he so destined, to remaiu an instmtia smgularis 
among men ; and, as he has had no rival in the times which 
are past, so is he likely to have nope in the times which are 
to come. Before any parallel to him can be found, not only 
must a man of the some talents he produced, but he must be 
placed in the same eircumstiuices ; the memory of his pre- 
decessor must be^ effaced, and the light of science, after being 
entirely extinguished, must be a^n beginning to revive. If 
a second Bacon is ever to arise, lie must be ignorant of the 
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first. The raage which l^ieonV speouktioiifi embraced was 
alto^ther immense. He cast a penetrating eye on the whole 
t>f science^ h-om its feeblest and x^ost infantine state, to that 
strength and perfection from whiidi it was then so remote, and 
which i( is perhaps destined to approach to oontinualiy, but 
never to attain. More anbstitutes might be found for Galileo 
than for Bacon. More than one could be mentioned, who, 
in the place of the former, would probably have done what 
he did ; but the hist<iry of human knowlctlge points out no- 
body of whom it can be said, that, placed in the situation of 
Bacon, he would have done what Bacon did ; no man whose 
proplieti<‘ genius would have enabled him to delineate a sys- 
tem of science which had not yet begun to exist ! — 'who could 
have derived the knowledge of what ouffht to be from what 
was noty and who could have become so rich in wisdom, 
though he received from his predecessors no inheritance but 
their errors.’* lam inclined, tha’efore, tf> agree with D’Alem- 
bert, “ that when one comsiihu'a the sound and enlarged \iew8 
of this great man, the multitude of the objects to ^vlxich his 
mind was turned, and tlie boldness of his style, which unites 
the most sublime images with the most rigorous pretision, 
one is disposed to regard him as the gn'atest, the most uii» ■ 
versa!, and the miwst eloquent of philosophers. 


lESSON THE FIRST. 

' DIV 18103^8 Of TXMB. 

1. Chronology is the science which relates to time, 
and treats of the divtsiou of it into certain portions, as 
days, months, yeatr^. 

2. The principal divisions of time are those marked 
out by the revoiutiona of tlie heavenly bodies, viz. days, 
lunar months, and years. 

3. A day, in common speech, means that period of 
time during which the , sun remains above the horizon : 
but in a philosophical sense it denotes tlie time of a 
complete revolution of the earth about its axis. 

4. The beginning of the dajr is variously reckoned 
by different nations : some reckon it from sun-rise, and 
some from sun-set. In most Eurojiean nations the day ^ 
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is computed from midniglit, but modern astronomers 
count the day from noon. 

5. By the Jews and Romans the day and night were 
divided into four watches : the first commenced at six 
in the morning; the second at nine; the t^ird at 
twelve ; and the fourth at three in the afternoon. The 
night was divided in a similar manner. 

6. ITie Greeks divided their time into portions of 
ten days each ; the Chinese into those of fifteen days, 
and the Mexicans into those of thirteen days. But the 
Jews, Oriental nations, and other civilized people, have 
made use of weeks of seven days each, 

7. In the Old Testament the term week is some- 
times applied to a period of seven years, as well as of 
seven days. 

8. The month was at first suggested by the phases of 
the moon, and hence months were originally lunar. 

9. Months are divided into astronomical and civil : 
astronomical montl,is are measured by the revolutions 
of the moon, which are either periodical or synodical. 

10. The periodical lunar month is computed Hy the 
time which elapses between the departure of the moon 
from any part of her orbit to her return to the same 
point, which is 27 days, 7 hours, 43 minutes. ' ‘ 

1 1 . Tlie synodical month is reckoned from one con- 
junction of the sun witli the moon to another, and its 
a^e^agc length is about 29 days, 12 hours, 44 minutes. 

12. The civil month is that space of time by means 
of which the solar year is divided into twelve parts. 

13. Tlie solar year is divided into 12 months of 
30 and 31 days, excepting February, which Contains 
28 days, but every fourth year February contains 29 
days. 

14. The year is measured by the motion of the earth 
round the sun, and it formerly consisted of 12 lunar 
moritlis, supposed to contain 30 days each. 

15. By Julius Ctesar the year was ordained to con- 
sist of 365 days, 6 hours, which is about 1 1 minutes too 
long; the true length of the year is 365 days, 5 hours, 



CHHONO1«O0Y. 


98 

48 minutes, 48 seconds : upon this the new style is 
reckoned, 

16. The common year contains, therefore, 365 days, 

but every fourth year, called leap year, consists of 366 
days ; ih avoid the excess which this would occasion, 
every hundredth year is common, and contains only 
365 days, excepting every four hundredth year, which 
is to have 366 days. ^ 

17. The new style commenced in England in the 
year 1752, when it it was determined that the year 
should begin on the 1st day of January, instead of in 
March, as it had formerly. 

Note . — As the form of the year is various among different 
nations, so is likewise its beginning. The Jews, like other 
nations of the East, had a civil year, which commenced with 
the moon in September; and an eccdesiastical year, which 
began from the new moon in March. The Persians begin 
their year in the month answering to Jime. The Chinese 
and most of the Indian nations begin it wdth the first moon in 
March; and the Greeks with the new moon that happens 
next after tlie summer solstice. 

In England, the civil, or legal, year formerly commer4eed 
on the 25th of March, and the historical year on the first 
day of January. But, since the alteration of the style in 
1/52, fis'is above observed, the civil year in this country has 
likewise begun on the first of January. 

At the diet of Ratisbon, in 1700, it was decreed by the 
body of Protestants of the empire, that eleven days should be 
retrenched from the old style, in order to accommodate it to 
the new, and the same regulation has since passed into 
Sweden, Denmark, and England, where it was established 
by the 24th Geo. II. c. 23 ; which enacts, that the suiiputa- 
tion, according to which the year of our Lord begins on the 
25th day of March, shall not be used from and after the last 
day of December, 1751 ; and that from thenceforth the first 
clay of January every year shall be reckoned the first day of the 
year, and that the natural day next and immediately folio wiug 
the 2nd day of September 1752 shall be called and rcckonccl 
the 14th day of September, omitting the eleven intermediate 
days of the common calendar ; and the several , natural days 
su^eeding the 14th day, shall be called and reckoned in nu- 
merical order. The adoption of the Gregorian computation 
accordingly took place in 1 752, and is now recognized tnrough- 
out the United Kingdom. - 
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QUESTIONS FOR EXAMINATIOlSr. 

1. What is chronology? 

2. What are the principal divisions of time ? 

3. What is meant by a day ? 

4. How is tlie beginning of the day rechoned ? * 

5. How did tbo Jews and llomaus divide their day and night? 

6. How did the Greeks and other nations divide their time? 

7. What does a week sometimes mean in the Old Testament ? 

8. What suggested the periods of months 1 

9. How are months divided ? 

10. How is the periodical ,lunaT month computed, and what is 
its length ? 

11. How is the synodical month reckoned? ’ 

V2. Wlmt is the civil mouth? 

13. Into how many months is the solar year divided ? 

11. How is the year measured, and of what did it formerly 
consist ? 

lo. What was the length of the year as determined by Julius 
eVsar, and what is its true length? 

16. Explain the length of different years according to the new 
stylo. 

17. When did the new style commence in England? 


LESSON THE SPXOND. 

CYCLES. 

1. The Romans reckoned by lustra, periods of five 
years, so called from a tax required to be paid every 
riflh year, 

2. Tlie Greeks retikoned by Olym^ads, periods of 
four years, which derived their names from the public 
jE^ames celebrated every fourth year at Olympia in tlie 
Peloponnesus: they are computed from the year 776 
before Christ. 

3. Cycles are fixed intervals of* time composed of the 
successive revolutions of a certain number of years; 
tliere are several cycles in use among^ clironologists. 

4. The lunar cycle is a’period of nineteen solar years, 
at the end of which interval the sun and moon return 
to very nearly the same part of the heavens. 

5. The lunar cycle> on account of its utility in deter- 
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mining the time of Easter, is called the ‘‘ Golden Num- 
ber the first year of the Christian sera corresponds 
with the second of this cycle. 

6. The golden number, or year of the lunar cycle, is 
found by adding 1 to the present year, and dividing by 
19, the quotient shows the number of cycles which have 
revolved since the Christian sera, and the remainder is 
the golden number for the given year. 

Example for the year 1839: to the year I add I, 

and divide by 19, = ^6 IS* Therefore there have 

been 96 complete cycles since the birth of Christ, and 
the golden number for the present year is 16. 

7. The solar cycle consists of 28 years, when the 
sun returns to the sign and degree of the ecliptic which 
he had occupied at the conclusion of the preceding 
period, and the days of the week corresj)ond to the 
same days of the month as at that time. 

8. The first year of the Christian eera corresponds to 
the ninth of the solar cycle : if therefore 9 be added to 
the present year, and the sum be divided by 2S, the 
quotient denotes the number of the revolutions of the 
cycle -since the ninth year before Christ, and the re- 
mainder will be the year of the cycle. 

Example for the year 1839, = 66. 

2o Zo 

Therefore there have been 66 complete solar cycles; 
and as there is no remainder in this example, the year 
of the cycle for 1839 is 28. 

9. The cycle of Roman indiction consists of 15 years, 
and the first year of it corresponds to the third year 
before the Christian eera. 


10. To find the year of the Roman indiction, add 

3 to the present year, and divide by 15; the quotient 

gives the number of cycles since the third year before 

Christ, and the xemainder is the year of the cycle. 

Tf 1 loon 1839 + 3 1842 

Example for the year J 839, — == ~ 


12211. Therefore there have been 122 complete cycles, 
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and the present year is the twelfth year of the cycle. 
Had there been no remainder in tins and the example 
No. 6, then the golden number would have been 19 : 
and the Roman indiction 15. 

The dominical^ or Sunday letter in the Alma^ck^ is 
thus found, the days of the weeks are named A, B, C, 
D, E, F, G, and A is always put for the first day of 
the year, B for the second, &c. In the present year, 
the first day being Tuesday, or A ; the sixth, or Sunday 
will be marked F : of course the dominical letter is F. 

QUESTIONS FOU EXAMINAT^pT. 

1. How did the Romans reckon ? 

2. From what period did the Greeks reckon ? 

3. What are cycles ? 

4. What is meant by the lunar cycle ? 

5. By what other name is the lunar cycle called? 

6. How .is the golden number found? 

Give the example. 

7. Of what does the solar oycle^consist ? 

8. How does the Christian ecra correspond with the solar cycle ^ 
Give the example. 

9. Of what does the cycle of the Roman indiction consist ? 

10. How do you find what year of the Roman indiction answers 
to any year of the Christian sera? 

Give the example* 

11. How is the Dominical letter found? 


LESSON THE THIRD* 

EPOCHS AND ARAS. 

1 . The Julian Period is fonned by the combination 
of the cycJes ; that is, by multiplying the three numbers 
into one another: thus 19 X 28 X 15 = 7980, this is 
the number of years of which the Julian period consists, 
at the expiration of which, the first years of each of 
those cycles will come together, 

2. The first year of the Christian sera corresponds, 
or is suppos^ to correspond, with the 4714th of the 
Julian period, which is 706 years before the common 
date assigned to the creation of the world. 
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3. To find the year of the Julian period correspond- 
ing with any given year before or since the Christian 
eera. Rule; in former case subtract the year from 
4714, and the difference is the answer: in the latter 
case add to the year 4713, and the sum will be the 
year required* 

Example for the present year : 1 839 -I- 47 1 3 == 6552 , 
which is the year of the Julian period, 

4. Epoclis and eeras may be thus explained: an 
epoch is a certain point generally determined by some 
remarkable ev^t from wdiicli time is reckoned, and the 
years compute#from that period are denominated an 
sera. 

Example. The birth of Christ is reckoned an epoch : 
the years reckoned from that event are called the 
Christian mra. 

5. The most remarkable epoch is that of the crea- 
tion of the world, which is supposed to liave happened 
4004 years before Christ. Tlie present year is there- 
fore 4004+ 1839 = 5843rd year from the creation. 

6. The universal deluge is another epoch which is 
computed from tlie year of the world 1656, or rec- 
koned from the years before Christ, 2348. 

7. ’'IVo other uras are used in sacred chronology, 
namely, The call of Abrnham,^’ B. C. 1921, and the 
departure of the Israelites from Egypt in the year 
B. C. 1491. 

8. Sir Isaac Newton has made use of the Argonautic 
expedition as an epoch to reckon from, which is sup- 
posed to have happened B. C. 1225. 

9. The destruction of Troy, B. C, 1183, and the 
eera of the Olympiads, B C., 776, are epochs of con- 
siderable note in ancient history. 

— In order to find the year of the Olympiad, or the year 
of Home, in 'whioh any event happened, of which we know the 
date in years before Christ ; W'e have to consider that the first 
Olympiad took place 776 years before Ohrist, and that Home was 
founded 7o3 B. C. Hence, w'e get the following rules. To find 
tlie Olympiad : subtract the given year before Christ from 776, 
divide the remainder by 4, and to the quotient add 1 for the our- 
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rent Olympiad^ and 1 for the current year of it. The battle of 
Granicus was fought B. C. 354. Therefore 
From 776 
Take 334 

4) 442 

110 (2 

^ g 

111 (3 

That is, the battle of Granicus, was fought in the third year of 
the 111th Olympiad. 

10. The sera of Nabonassar is another standard to 
reckon from ; this is thus denominated, from Nabonassar, 
the founder of the Babylonian empire, who began his 
reign in the year 747 B. C. 

1 1 . The aera of the Seleucidm is reckoned from the 
establishment of Seleucus, one of Alexander’s generals, 
in the empire of Babylon, 312 years B. C. 

12. Tlie Christian sera is dated from the oirtli ol‘ 

Christ, which is supposed to liave happened 4004 years 
after the creation, and 1839 years before the present 
period. * - 

13. The Hegira, or Mahometan sera, founded upon 
the flight of Mahomet from Mecca to Medina, to avoid 
his enemies, is computed for A, D. 622, of course the 
the present year 1839 answers to the year 1217 of the 
Hegira. 


QUESTIONS FOR EXAMINATION. 

1. How is the Julian period formed? ‘ 

2. In what way does the Julian period correspond with the 
Christian xral 

3. What is the rule for finding the year of the Julian period 
which corresponds with any given year before or since the Chris- 
tian sral 

4. How are epochs and sras explained 1 

Give the example. 

5. Which is the most remarkable epoch, and what does the 
present year answer to, reckoning from the creation? 
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6. From wh^t years is the epoch of the deluge reckoned? 

7. What two other »raa are noted in sacred history ? 

8. What ffira did Sir Isaac Newton make use of? 

9. What other epochs are of considerable note in ancient 
history ? • 

10. What is meant by the lera of Nabonassar ? 

11. From what does the sera of the Seleucida^ teke its rise? 

12. From whence is the Christian fera dated ?] 

Id. On what and when was the sera of the Hegira founded ? 


ARTIFICIAL MEMORY. 

ON MEMORY AND ^MENTAL CULTURE. 

“The capacities and powers of the soul plainly indicate her excel- 
lency and her value .” — Archbishop TtUotson. 

“ Amongst the vast majority of mankind, from the beginning of the 
world to the present huui, the mental faculties and the higher eapubili- 
Ues oC moral and intellectual feeling, have been dormant, and unem- 
ployed.” — iiuarterly Uevieun^ No. iOl. 

Memory can restore to its pristine disposition and arrange- 
ment all that we have ever felt, all that we have ever thought, 
and of, which no trace remains without us ; it can store up 
unnumbered ideas of the most dissimilar things, without con- 
fusion or mixture, for our future use ; it can conttiiu within 
itself the whole circle of arts and sciences, all that ancient 
and modern history teaches us of ixmai’kable transactions, of 
the inventions and discoveries of mankind, ever augmenting 
this enormous stock of knowledge, and at all times delivering 
to us whatever is best adapted to our present purpose* 

Rogers thus beautifiilly apostropliises this noble faculty : — 

“ Hull, Memory, hail I in thy exbaugtless mine. 

From age to age, unnumbered treasures shine ! 

Thought and her shadowy brood thy cull obey, 

And place and time are subject to tby sway ! 

Thy pleasures most we feel when most alone ; 

The only pleasures we can call our own. 

Lighter than air, Hoihi’s summer-visions die. 

If but a deotmg cloud obscure the sky ; 

If but a beam of sober reason play, 

Lol Fancy’s fairy frost-work melts away*, 

But can the wiles of art, the grasp of power. 

Snatch the rich relics of a well-speut hour ? 
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These» when the trembling spirit wings her flight, 

Four round her x>eth a stream of living light ; 

And gild those pure and perfect realms of rest, 

"Where virtue triumphs, aud her sons are blest ! ** 

Pleasures of Memory, 

Seneca says of himself, that by the mere effort of his na- 
tural memory, he was >ble to repeat two thousand words 
upon once hearing them, each in its order ; though they had 
no dependence or connexion upon each other. After which 
he mentions a friend of his, Portitis Latro, who retained in 
his memory all the declamations he had ever spoken, and 
never found his memory to fail him, even in a smgle word. 
He also mentions Cyneas, ambassador to the Romans from 
King Pyrrhus, who in one day had so well learned the names 
of his spectators, that the next day he saluted the whole assem- 
bly and all the populace assembled each by his name. Pliny 
says, that Cyrus knew evei^ soldier in his army by name. 
Dr. Wallis tells us, that, without the assistance of pen and 
ink, or any thing equivdent, he was able in the dark, by 
mere force of memory, to perform* arithmetical operations, as 
multiplication, division, extraction of roots, &c. &c. 

How noble are tJic occupations of the human mind ! Of 
what heights of perfection is it not susceptible ! How many 
great and astonishing things is not man able to execute with 
It ! He thinks and is conscious of it. He forms to himself 
clear representations of the things that are without him, and 
can increase the number of these images without end. He 
compares his ideas with one another, judges of their har- 
mony or their contradiction, and combines them in thousands 
of various ways. He proceeds from known things to un- 
known, from the easy to the difficult; adopts principles, 
draws conclusions, concatenates these conclusions together, 
and is ever opening new prospects in the unbounded regions 
of truth that lie before him. Would he dismiss his ideas, 
they fly from his presence. Are they obscure, he spreads a 
new hght upon them. Are they vanished, he calls them back. 
With his understanding, man traces his own capacities and 
powers, and observes the rise, the progress, and the vai’ied 
combinations of his reflections, bis propensities, and inclina- 
tions. To cultivate these capacities ana powers — these men- 
tal faculties — ^these capabilities of moral and religious feel- 
ings — is his first, his most sacred duty. 

The acquisitfon of knowledge is in itself a positive good ; 
the man w ho has his mind open to the perception of sur- 
rounding objects, and is led to inquire into and reflect on 
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their nature and properties^ has much gjreater capabilities of 
happiness^ has much p*eater chance of understanding and 
fulhlling the duties of his station, than if brought up in gross 
ignorance, without ever having exercised his intellectual 
powers.' 

There is no situation in life” says an elegant female writer, 
Mrs. Strutt, in her triumphs of genius and perseverance “ so 
high that must not, after all, owe its higliest enjo^ents to 
feelings with which the mmd is connected ; there is none so 
low, which may not he cheered and refined from the same 
source. Independent of all worldly considerations, mental 
pursuits invariably bestow a rich reward on their votary, 
m the delight attendant on their cultivation, and the tempo- 
rary oblivion, at least, of all anxious cares in the abstraction 
they require.” 


AHTIFICTAL MEMORY. 

1. Artificial Memory is a method of assisting ilie 
memory by forming certain words, the letters ol' 
which are made to signify the date, eera, <&c. to be^ re- 
membered. 

2. .The first five vowels a e i o u represent, in their 
natural order, the numbers 1, 2, 3, 4, 5, and from these 
certain diphthongs are formed ; thus, a being put for 1 , 
and u for 5, au will signify 6 ; o standing for 4 and u 
for 5, therefore the diphthong mz stands I’or 9. 

3. Certain consonants are used in the same way ; thus 
b and d being the first two consonants, are put for 1 and 
2 : t^f, s, and as initials to the several words, stand 
ioT ^hree, four, six, paid nine, 

4. Five is represented by i; seven by jn eight by A,* 
and also by ei, as the two first letters of the word. 

5. The 0 , or cipher, is represented by y and z, as the 
last vowel and consonant of the alphabet. The y is 
pronounced broad like w. 

* It is to be observed the I stands for 5, because L ‘Roman stands for 
50 : jf? Stands for 7, as the emphatu; letter in seldom, seven; k stands 
for eight, as the emphatic letter in the Greek word for eight. 



Illustratioij. — In this table it is seen that a and h 
stand for 1 ; o and / for 4 ; au and s for 6, and so on. 

6. Where many ciphers meet together, as 1,000, 
1,000,000, &c. then g stands for 100, th for 1,000, and 
m for million : thus ag stands for 100, ig for 300, ath 
for 1 ,000, and em for 2,000,000. 

7. The learner must next proceed to combine letters 
to answer to any given figures, or combinations of 
figures : 

Examples. 512 : 891 : 760 : 404 

lad koub pauz fyf 

8. The same figures combined will admit of differeru 
constructions in the corresponding letters. 


Examples. 

non 

poll 

akhy 

othf* 


99 : 

775 : 

1810 : 

: 4004 


oun 

oipu 

beiaz 

fyzo 


[Tbo application of the art will be seen in the followin^r exam- 
pies, taken chiefly from Grey’s ** Memoria Technica-”! 

First Example. 

General epochas. — Memorial lines 

Cr othf Del etok Ab aneh Ex 6fna Tern hybe Cyr uts, 
Troy abeit Olym pois Rom jmt et iErnabonds pop, 
Phil ido Cont4c tad Diodes eko Mahom audd Yez suL 

Explanation, 

Bef. Christ. 

The Ciieation of the World [Cr. othf^ . 4004 

The universaf DELuge [Del etokl . . . *2348 

The Call of Anraham [Ab aneb"] . . .1921 
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Bef, Chnst. 

Exodus of the Israelites [Ex dfiia] .... 1491 

The Foundation of Solomon’s Tsiviple [Tern hyhe] 1012 
Cyrus, ^or the end of the Captivity [Cyr wfs] . 536 

The Destruction of [Troy, 1183 

The First OnYMpiad [Olym jms] 776 

The Building of RoMe [Rom .... 7.53 

JilRa of NABONASsar [TEmabonaspo/)] . . . 747 

The pHiLippic aera, or the Deatli of Alexander 

[Phil ido] 324 

The .iilra of CoNTRACts, or of the Selcucidm, 
caUed in tlie Book of Maccabees the .Era of 
the Kingdom of the Greeks [Contrac,toZ] 312 

The DiocLEsian Era, or the Era of Martyrs d. 

[Diodes eko] . ’ . . . , 284 

The Era of the Hegira, or Flight of MAHOMet 

[Mahom audd] ..... 622 

The Era of YESsdegird, or the Persian Era 

[Yez sid] 632 

Secokd Example. 

RomUn History . — The following lines give the dates 
when the kings of Rome l^egan to reign ; and the number 
of years which the regal and consular states lasted. 
Stat-reg dot Consular oso Rom put et Num pqf. 
Hostil spy Anc sip Pris saf Serv w/jsque Super lid. 

Explanation . — The regal state under the seven kings 
lasted 245 years, Stat-^’eg doL 

Consular state, 464 years, Consular oso. 

* Bef. Chnst. 


Romulus began to reign . . . Rom put . 753 

Numa Pompilius Niimpq/’ . 714 

Tullus Hostilius . . . . • Hostil spy . 670 

Anais Martins ..... Anc sip . . 637 

Tarquinius Priscus .... Pris saf . . 614 

Servis Tullius Serv. ups . 576 

Tarquinius Superbus .... Super "Zid 532 
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Third Example. 


The Twelve Ccesars. 


Juli os 

August el Tiber bu Caligul ik 

.Clod 

Ner ul 

Galb-Otho sou Vit-Vesp oiz 

Tit pm 

Domit ka. 




Explanation, 




Bef, Cfarittt. 

Julius Ceesar began to reign , Juli os . . 

. 4a 

Augustus 


. 25 



An. Dom. 

Tiberius 


15 

Caligula 


38 

Claudius 

C\od 

42 

Nero 


55 

Galba \ 

( )tlH) J 


sou 69 

Vitellius 

Vespasian 

j- Vit-Vesp oiz 70 

Titus . 


79 

Domitian 


81 


Fourth Example. 



The regal table of England since the conquest^ and 
.some of the most remarkable princes before it. 

Memorial lines . — Casibe lud Boad aup Vortig fos 
Heng fill et Arth laf 

Egbe kek Alfre kpe Can ban Confes fe Wil-coti sau, 
Ruf koi et Hen rag. 

Steph hil et Hensec buf Ric bein J ann Heth das 
et Ed doid 

Edse typ Edter tes Rise toip Hetb toun Hefi fM que. 
Hensi fed Edquar faux Esi-i? okt Hensep feil 
Henok lyn. 

Edsex los Mary lut Els Ink Jam syd Caroprim sel. 
Carsec sok ^am seif Wil seik An pyb Geo 60 - — -doi. 

N. B. After Canute, inclusive, one thousand is to be 
added to each. 
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Explanation. 

Bef. Christ. 

CASiBELanus chosen commander of the Britons 

S ’ ist the invasion of Julius Caesar [Ca- 

ud\ . . . 52 

Queen BoAnjcea, the British heroine, raises an 

army and kills 7,000 Romans [Boad aup\ 67 

Aft Christ. 

VoRTioem, who invited the Saxons to the assist- 
ance of the Britons against the Scots and 

Piets [Vortig/o5] . 446 

HEKoist the Saxon, who erected the kindom of 

Kent , the first of the Heptarchy [ Heng fu Z ] 455 

King AiiTHur, famous for his powerftjl resist- 
ance and victories over the Saxons [ Artli /o f. 514 

EoBErt, who reduced the Heptarchy, and was 
first crowned sole monarch of England 


[Egbe kek] 828 

ALFREd, who founded the university oi' Oxford 

[Alfre kpe^ 872 


CANute the Dane [Can bau] 1016 

Edward the CoxPEssor [Corifes /e] .... 1 842 

WiLliam^tlie CoNq. [Wil-con saw] . Oct. 14. 1066 

William Rufus [Ruf Aoi] .... Sepi.^). 1087 

HENry 1. [Hen ra^] Atig.'Z. 1100 

STEFHen [Steph Dec. 2. 1135 

HENry the sECond [Hensec . Oct. 25. 1154 

Richard I. [Ric iem] July 6. 1189 

John [J ariii\ April 6. 1199 

HEnry the Tiiird [Heth iZos] . . . Oct, 19. 1216 

Howard I. [Ed doid] Nov. 16. 1272 

Eovardus sECundus [Edse Zyp] . . July!. 1307 

Eovardus TEiitius [Edtcr res] . . Jan. 25. 1326 

Richardus SEcundus [Rise toiji] . . June 21. 1377 

Hfiiiry the Fourth [Hefo touni . . Sept. 20. 1399 

HEnry the Fifth [Hefi/dd] . . . March 20. 1412 

HENry the sixth [Hensi /^] . . Aug. 31. 1422 

Eovardus QUARtus [Edquar /awz] . Mai^h 4. 1460 

Enward the Fifth \ J April 9. 1483 

Richard III. I ‘^*'1 i Ane 22. 1483 
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AO. Christ. 

HfiNricus SEPtimus [Hensep feil] . Aug. 22. 1485 

HENricus octav. [Henoc lyn] ^ . . April 22. 1509 

Eovardus SEXtus [Edsex los\ . , Jan^ 28^ 1546 

Mary [Mary lut] July 6. 1553 

Eusabeth [Els luk} Nov. 17. 1558 

jAMes 1. [Jain syd] March 24. 1602 

CaroIus pjumus [Caroprim . March 27. 1625 

CaiioIus SECundus [Carsec . . Jan. 30. 1648 

Jamcs II. [Jam seif'\ Feb. 6. 1684 

WiiJiain and Mary [Wil seik] . . Feb. 13. 1688 

Axne [An pyh'] March 8. 1701 

CjEorge I. [Geo 6o] Aug. 1. 1714 

GEorge If. [Geo sec . . . June \\. 1727 

Fifth Example. 

Chronological miscellanies since the Conquest. 
MemoAal lines. 

God-bul noil Chart eel* Inquis ded Tyl ika Cade fly. 
Coriip atze Gump atfo Prin afon atque Colum Imit. 
Mar-luth lap Prot alen Smalcal loz Tren-dec atalfu. 
Mas-par aloid Un-p loin Sp-in leik Powdsyl^Ma- 
sancl sop. 

Crom sli Jainaic aull Crom-mor suh capta Gibra pzo. 

N. B. A thousand is to be added, as above, where 
it is not expressed. 

Explanation. 

Aft. Christ. 


Jerusalem regained from the Turks, and GoDfirey 

of BuLloigne made king of it [Godbul tiou] 1 099 
Tlie XNQoisition first erected against the Albi- 

genses [Inquis ded] 1222 

The Confirniation of Magna CiiARTa by King 

Henry III. [Chart eel] 1225 

Wat Tvi^er^s rebellion suppressed [Tyl ika] . 1381 

Jack Cade’s rebellion suppressed [Cade fly] . 1450* 

The mariner's <]JoMpass found out [Comp atze] 1302 
Gu^fpowder invented in Germany by a monk 

[Gunp htfo] 1344 
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_ Aft. Christ 

The Invention of PRiNting [Prin q/bw] . , , 1449 
Christopher CoLUMbus, a native of Genoa, dis- 
covers Cuba and Hispaniola [Colum hont'\ 1493 
MARtin* LuTiier begins to preach in Germany 
against Indulgences, and other errors of the 
Church of Rome [MarJuth lap] . . . 1517 

The name of pRorestants first l)egan on occa- 
sion of the protestation the Lutherans made 
. against a decree of the Chamber of Spire 


against therti [Prot alen] 1529 

The SMALCALdan League, or agreement made 
between the Protestants of Germany for 
their mutual defence at Smalcal [Smalcal 

1540 

The Council of TuENt began Dec* 13 . [Tren-dec 

at-alfu] 1545 

The MAssacre of Protestants at PARis [Maspar 

aloid] . ^ 1572 

The UNiied provinces, under the protection of 
William Prince of Orange, throw off the 

Spanish yoke [Un-p loin] 1579 

The Sppish iNvasion [Sp-in leik] .... 1 588 

Tlie Gunpowoer treason [Powd . . . . 1605 

The famous rebellion at Naples, on occasion of 
the grievous excises, headed by Mas- 

sai^elIo [Massanel s(yp] 1 647 

Oliver CromwcU usurps the government of Eng- 
land , under the na me of Protector [Crom 1 643 

The island Jamaicr ix* America taken by the 

English [Jamaic aull] 1655 

CROMwelli MORS [Crom-mor suk] .... 1658 

GiBRAltar taken by the English [Gibrapzo] . 1704 


Artificial memory may be applied to any circum- 
stance in which the ready recollection of numbers is 
expedient and useful. As an example: suppose I ride 
from the City to Fulham by the City-road, Paddington, 
<fec., and wish to remember the check numbers given at 
the turnpikes without the trouble of tickets. If the 
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numbers are as follow, then the adjoining words will 
assist the memory, 

Old Sxreet turnpike . * 763 Old St oi$y 

City Road 95 Clt nu * 

BATtle Bxiidge .... 540 Bat Br ufy 

PADdington Road . . . 889 Pad kein 

Edge ware Road .... 39 Edge in 

Hyde Park Corner . . . 481 Hyde P oka 

FuLham Road .... 27 Ful ep 

QUESTIONS FOU EXAMINATION. 

1. What is artihcial memory 1 

2. What do the vowels represent, and what numbers are tbe 
diphthongs put for. and why? 

5. How are the consonants used ? 

4. Which are the other consonants used ? 

Why do If pf and k stand for 5, 7, and 8 1 See vote, 
o. What do y and s represent 1 
Exjdaiii the table. 

6. What does g, th, and to, stand for? 

7. Give some examples of the combinations of figures by letters. 

8. Give some instances to shew that the same figures and com- 
binations of figures may be expressed by different letters. 

Kepeat the lines containing the general epocbas. 

Repeat the lines containing the regal state of Rome. 

Kepeat the lines which include the dates when the twelve 
Ciusars began to reign. 

Repeat the lines containiug the regal table of England. 

Repeat the lines containing the Chronological Miscellanies 
since the conquest. 
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ON THE IDOLATKY OF MANKIND. 

** In deifying the things of nature and parts of the world, they called 
every thing hy the name of God, and God by the name of ei'cry 
thing**’ — X)r. Cudv>oTth» 

“They changed the glory of the uncorruptible God into an image 
made like to corruptible man, and to birds, and to four-footed bcubts, 
and creeping things,” — T7ie Apostle Paul. 

Let us consider the history and extent of i4|l>latry. It is 
necessary^ that we should do so, to understand^ appreciate., and 
apply the following lessons. The comniuiiications that were 
repeatedly made to men, concerning the perfections of God, 
and the way of salvation through the promised Deliverer, niii!,! 
have preserved the human race^ during the earlier ages of the 
world, in the Icnowledge of the living and true God. Thougli 
superstitious practices may have prevailed before tin* flood, it 
does not appear that idolatry^ strictly speaking, h;ul existence 
till some centuries after that catastrophe. It is probable that 
it began in the adoration of the heavenly bodies, the sim, 
moon, and stars ; as we find ir. the early iieriod in which Job 
lived, that they were recognised as objects of worship. “ If 
I helield the sun, when it shineil, or the moon walking in 
brightness ; and my heart hath been secretly enticed, or my 
mouth hath kissed my hand ; this also were an inicjuity to he 
punished hy the judge, for I should have denied tlie God tliiit 
IS above. — Job xxxi. 26, 28. 

The splendour and usefulness of the sun, and moon, led tlie 
Chaldeans and Assyrians, among whom their worship began, 
to regard them as peculiarly manifesting the divine goodness. 
It is supjiosed that a fiirther step, in this species of idolatry^ 
was the adoption of the notion, that the heavenly bodies w(!re 
either inhabited by superior intelligences, or were themselves 
living beings, and exerted .something like a mediatorial influ- 
ence with the deity. They were at length fully deified ; and 
those tvho retained any idea of the supreme Goi thought him 
too far above them to be the object of devotion. This wor- 
ship of the host of heaven prevailed over a great part, of the 
world, both in ancient and in modern times ; and has not 
been conflned to any stage of civilization, or to any rank in 
Bodefy* 
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Another species of idolatry, and which probably be^an at 
an early period, was the worsmp of deihed mortak. It is not 
unlikely that of these Noah was the first. The traditions res-» 
peeking a man who, on account of his eminent picty> had been 
delivered from the deluge, that had swept away the humiin 
race, and had been preserved by a miraculous interposition 
to be the father of mankind, would lead posterity to reverence 
him, and, as ignorance increased, to adore him. They would 
soon associate others with him in this honour, who had been 
the inventors of things useful, and necessary to human life, 
and who had benefactors to the nations. Being thus 
exalted to the rank of gods, they had those attributes as- 
cribed to them, and that religious homage paid to them, which 
belong only^ the true and living God. The Greeks, and 
Romans, anlFother pagan nations, raised the chief bf their 
idol deities, to the place of the Supreme Divinity, and repre- 
sented their Jupiter, to uhom the poets ascribed indecent ac- 
tions, as the father of gods, and king of men, and as exercis- 
ing universal dominion. ^ 

The natural consequence of deifying men, and of regard- 
ing one distinguishctl individual as their chief, to whom they 
asa’ibed the titles and attributes of God, was, that their deities 
were represtuitcd as possessed of divine excellences, and of 
the base i)assions and vic(^s of mortals. What must have been 
the state of morals, when among the multitude of the gods 
there was not one of whom some scandalous thing might not 
be related, and when even Jupiter, their head, was guilty of 
actions that ought not to be so much as named ? 

They adv anced however in their idolatrous worship still far- 
ther than this. They constituted the images and hieroglyphic 
symbols of their deities gods. The sun and the host of heaven 
were m>t alw ays visible, and as they imagined fire denoted 
them, they gave to this element, in several eastern nations, 
divine homage. Many of the lower animals, which were at 
first, perhaps, used as signs or emblems of the wisdom, power, 
or goodness of God, became objects of worship. Thus the 
Egyptians placed the sheep, the goat, the hawk, the crocodile, 
the cat, ami dog, among the number of tlieir god's. The very 
statm?8 and images which were raised to their deities shared 
divine honours with them. Tliis was not done pmong the 
rude and the savage merely, but by the Athenians and 
Romans, nor is there a stronger proof necessary of the length 
to which this species of idolatry was carried at Athens, than 
the circumstance w'hich is recorded of Scipio the philosopher. 
He was brought before the tribunal of the Areopagus for saying, 
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that the statue of Miuen^a was not a ^od : and though 
he endeavoured to defend himself by alleging that it was not 
a god but a goddess^ he was commanded to leave the city. 
Thus they began to ascribe divine excellencies, and to pay 
divhie honours, not to persons merely, but to things ; so wat 
innumerable objects of nature were, on one ground or the 
other, personified and deified. Nay, so entirely were “ their 
foolish hearts darkened,” tlmt they constituted the abstract 
Qualities of things, gods ; and in their proiieness to polytheism, 
tney extended this honour sometimes to pemidoas, as well as 
to useful, properties and afifections. They erected temples, 
and gave religious homage to the gods of fortitude, health, 
concord, vidoiy, liberty, and the like. The passions, tlie dis- 
eases, fears and evils, to which mankind are suyect, were dei- 
fied, and had fanes consecrated to their honoiV There was 
scarcely any thing in nature, however monstrous, but some 
heathen nations worshipped as a god. 

Hence the multitude of thdr gods w^as endless : gods 
celestial and terrestrial, who pllisidcd over distinct tribes, and 
cities, and groves, and rivers, and foimtains. There they 
ranked in various orders, but they conceived that to all of 
them religious worship was due. Even to tliose of them 
whom they regarded as evil beings, they gave divine honours. 
Plutarch, a highly respectable philosopher and historian, 
mentions certain festivals, and sacrifices, in which some revolt- 
ing rites w'cre practised, instituted for the pleasing of evil and 
malignant demons, and averting their wrath. Tlie same fact 
is attested by Porphyry, who distinguished himself as a hitter 
enemy of enristianity : and the testimony of both affords a 
comment on the assertion of tlie Apostle, that “ the things 
which the Gentiles ^acj'ificed, they sacrificed to devils and not 
to God.” The extent of idol worship, and the similarity of 
the system of idolatry, in all the countries in which it has 
been practised, are truly amazing. 

What is the nature of Idolatiy ? — answer thus ; — Idolatry 
consists either in the W'orship of God through the medium of 
visible symbols, or in ascribing divine excellence to idols, and 
giving them religious worship as gods. It has been main- 
tained by some learned men, and especially by Dr. Cudworth, 
that it in the former way only that idolatry prevailed over 
a great part of the heathen world; and that, under the 
names of heathen deities, the living and true God was wor- 
shipped. It is highly probable, if not certain, that idolatry 
took its rise in this way ; but it is ver}^ certain also that 
the worshm, which might originally have been intended for 
the true God, and addressed to him through the idol, was 
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formerly paid to the idol itself. So much was this the case, 
that the notion of the true Ood, as there is the most ample 
evidence for believing, was almost obliterated, during many 
ages, in the heathen world. They literally constituted innu-* 
merable objects in nature, and the works of their own hands, 
the gods whom they worshipped. Mankind peopled every 
region with false deities ; among whom they (hvided the go- 
vernment of the world ; sotne of whom were deemed supreme 
in their several districts ; but all of the sameliature and kind. 
In this way they " changed the truth of God into a lie.” The 
whole system, described and detailed in the following lessons, 
was a practical falsehood on the being, power, wisdom, and 
goodness of God. At Athens, and still more at Rome, whose 
policy it waS|||;o give a place to the deities of the nations 
whom they craquered among those of the empire, you be- 
hold a most refined people, paying divine homage to repre- 
sentations of God, the most foolish and felse. 

The whole system of the Mythology of the heathen, with 
all the cruel and impure rites which the worship it involved 
consisted, was framed so as to strike.the senses, and adapted 
to the human mind in a state of utter darkness and depra- 
vity. In their religious festivals, vi hich were celebrated in 
lionour of their gods, their deities were represented per- 
forming the most immoral actions. These actions were as- 
cribed to Jupiter, the chief of their deities, ns well as to the 
inferior goils. The same gods, as St. Austin observes, were 
laughed at in the theatres, and adored in the temples.’ Rites 
the most foolish and immoral were used in their worship, 
which were prescribed by the laws, established by custom, and 
countenanced by the magistrates. The offering of human 
sacrifices, which appears to have been general over the pagan 
world, was one of these. That it prevailed among the Britons, 
Germans, and Gauls, we are assured by the testimonies of 
Cscsar and Tacitus. Among the Reimans this inhuman prac- 
tice })revailed so late as the time of the Emperor Adrian, 
A. D. 117. Nor can there be given a more revolting proof 
of its prevalence among this distinguished people, than that 
when ^me was taken by the Gauls, the most advanced in 
age and honour gathered themselves together, in the Forum, 
and after being devoted by the pontiff, consecrated themselves 
to the infernal gods. In Mexico alone, it has been supposed 
that not less than twent}^ thousand human beings were an- 
nually sacrificedf In some nations, numerous imants were 
devoted to destruction, in honour of their god Moloch. 

In addition to this most inhuman practice, there were other 
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cruel rites used in the worship of the gods» Tlie priests of 
Baal, as we learn from the first book of Kings, ch. xviiL 
21 — 24, cried aloud, and cut themselves after their manner, 
with knives, and lancets, till the blood ^shed out upon them,*’ 
At Spaita they whipped boys often till they died on the altar 
of the goddess Diana. This is not the place to notice the 
indecent and immoral practices, which w'ere observed over 
the heathen world, and especially in the civilized nations, in 
honoui' of their* gods and goddesses. But these practices, 
together with the gross and general depravity of manners 
which the system of idol worship produced, furnish an illus- 
tration of the Apostle’s statement, in the Ist chapter of the 
Romans, v. 24, “ wherefore God ako gave them up to unclean- 
ness, through the lusts of their own hearts, to tlishqpour 
their own bodies between themselves,’^ 

Tlie grossest imj)imty of manners, the violation of every 
precept in the decalogue, was sanctioned h^ custom, if not 
enjoined by law. Theft was permitted in Egypt and in Sparta. 
Infants that were weak, or imperfect in form, were exposed 
and put to death, by the authority of the legislator Lyciirgus. 
Humanity, in the sense that we und(5rstand that term, was in 
a great measure unknown. There was no ))rovisit)n made for 
the poor, the destitute, and the helpless. Jsor is the account 
which has been transmitted to us, by the page of history, 
of the sensuality and depravity that pervadecl the heathen 
world, different from that which is recorded b} the Apostle 
Paul iu the conclusion of the first chapter of the Epistle to 
the Romans. “ Even as they did not like to retain God in 
th^ir knowledg<% God gave them over to a reprobate mind, to 
do those things which arc not com enient ; being filled with 
all unrighteousness, fornication, wickedness, covetousness, 
maliciousness ; full of envy, murder, debate, deceit, malignity, 
whisperers, backbiters, haters of God, despiteful, j)roud 
boasters, inventors of evil things, disobedient to parents, with- 
out understanding, covenant breakers, without natui-al affec- 
tions, implacable, unmerciful.” — ^What a jiioturc ! 

The philosophers and legislators of antiquitv, were the 
supporters and patrons of idolatry.— This I will demonstrate. 

I know that the contrary is asserted- It is alleged, that they 
were not idolaters themselves, that their doctrines to a con- 
siderable extent counteracted the tendency of idolatry, and 
that the mysteries, which were so generally established, and 
to which the initiated only were admitted, were expressly de- 
signed to preserve the knowledge of the true God. I shall 
prove that these suppositions are unfounded. 
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It must be admitted in tbe outset that they were placed in 
circumstances in which, w^hatew might have been their own 
views of truth and duty, they had it little in their power to 
influence effectually the notions of the multitude. They 
wanted the sanction of , divide authority to enforce their in- 
structions they were not the authorized ministers of kligion, 
on whom it devolved to explain the doctrines relating to the 
gods and to their worship; their opinions, besides, on these 
matters were .so obscure, and so much at variance witli each 
other, that their effect, had they been communicated beyond 
the walls of the schools, could only be to bewilder, if indeed 
they had any effect whatever. They therefore despised the 
people as incapa))le of understanding their speculations, or 
of i)rofiting >)y them. “ Philosophy, to use the longmige of 
the most eminent of their number, is content with few ju^es; 
it d('signedly shuns the multitude, and is by them sns])ected 
and disliked ; so tliat if any man should set himself to vilify 
all philosophy, lie might do it with the approbation and ap- 
plause of the people.” Philosophers, accordingly, so iStuned 
the l ehicle in whieh their instructions were conveyed, and in 
general so wrajiped the doctrines of*' divine things in fables, 
tliat they jirovcd of no use in enlightening the people. With 
the cxcejition of Socrates, who adopted a more familiar strain, 
their jirofessed aim w^as, not the religious and moral improve- 
ment of mankind, but tbe exercise and displ^ of t^ieir own 
genius, and the gratification and applause oi a few learned 
men. • , 

Scepticism and Atheism, in Greece and Home, kept pace 
with the progress of philosophy, and the world was somewhat 
adi aneed before speculative men began to controvert, or 
dcn\ the existence and agency of Gotl. Aristotle mentions, 
that all the philosophers beiore his time asserted, Uiat the 
world was made by a Supreme Being; and conse^ently, that 
they believed in the existence of an intelUgcnt Creator and 
Governor of all things. Yet, after liis time, we know that the 
most thorough scepticism in regwd to this fundamental doc- 
trine of all religion was entertained by men of science and 
letters. From prudential considerations, they attempted to' 
conceal from the multitude the real nature and fenden^ of 
their atheistical speculations and schemes, by pretending a 
regard for the gods, and for their worship ; but the covering 
was so transparent, that the imposition c^ould not have suc- 
ceeded, had not the people been immersed in unconceivable 
ignorance. * 

Wlien the Homans imported the philosophy of Greece, 
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they, at the some time, imported the scepticism, and atheism, 
that attended it. Intent upon conquest and military gloty, 
in the earlier periods of their history, they remained unac- 
quainted with science till near the decline of the consular 
gorerntqent. While their greatest men employed their powers, 
not in speculation, but in studying the arts of war, they pro- 
bably never questioned the divine origin of their worship, and 
considered themselves bound to yield a conscientious obt*aienee 
to the civil and religious institutions of their country. During 
the first hundred and seventy years of the commonAvcaltb, 
they strictly observed the law of Numa, which forbade them 
to make any image, or statue of the divine being, in the form 
of man or beast, and taught them that it is im})ious to repre- 
sent things divine by what is perishable, and that we can 
have no conception cif God, but bv the understanding.* ■ But 
in proportion as they became a literary pt'ople, by their in- 
tercourse with the Greeks, were their idol deities mdefiuitcly 
multiplied, and their learned men atheistical lu their opinions, 
and immoral in their practice. 

But it will be said, that there were philosophers, both in 
Greece and Rome, of juster views and a purer character, who 
entertained the sublimest sentiments, concerning the being, 
attributes, and providence of God. It can be shewn, however, 
that they, in place of enlightening and improving the people, 
gave the sanction of their example and their names m con- 
firmation of the established idolatry ; imd so mingled truth 
and error together, as to become the efficient supporters and 
advocates of idol w orship. The most enlightened of them, 
not excepting oven Socrates, spoke of the divinity, — and that 
to their disciples, when wc should e%pcct the greatest accu- 
racy, — ^in the plural form -they re])rcsented the gods as the 
creators, preservers, and benefactors of mankind, as seeing 
and hearing all things, «md as being every where present : 
and thus I think clearly prove, that they understood the divine 
nature to be peculiar and appropriate, not to one god only, 
but to many gods, who in common possessed it, and to whom 
the titles and the character of the Divinity belong. , 

Their views of the Divinity, besides, were such as could 
not fail to encourage, if not apparently to justify the people, 
in giving religions worship to a multitude of gods. Without 
alluding to aU their erroneous opinions on this subject, there 
was one, which more than any other, seemed to make idolatry 
a duty, and furnished the most plausible ^guments in its 
favour, namely that the sml of the world t$ God. This 

* Plutarch in Numa. 
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opinion was very gencTal among the heathen philosophy and 
was the chief ground of the polytheism of the w^holj pflgan 
world : concliimng, as they did, that because God Was all 
things, and all things God, he ought to be worshipped in all 
the parts and objects of nature. 'Fhe Stoics in particular 
were most strenuous supporters of this tenet, maintaming that 
the mind which governs the world passeth through every part 
of it, as the soul doth in us ; or, as the poet has expressed itrr 

“ All are but parla of one stupendous whole. 

Whose body nature is, and God the soul; 

That rbang'd through all, and yet lu all the same, 

Great in the earth as in the ethereal flame, 

Wann* in the sun, refreshes in tlm breese. 

Glows in the stars, and blossohia in the ti^'es; 

Lives through all life, extends through all extent. 

Spreads undivided, operates unspent,” 

In conformity with this doctrine, we hud some of the Stoics, 
after proving the existence and providence of God, from the 
beauty and order of the wwka that are made, gravely main- 
taining that the world is an animal, rcasoiia^e, wise, and 
bapjiy, and therefore is Ood. I may ])au8e here to remark 
that 1 am far from intending to bring against the poet whose 
lines I have quoted the charge of Spinosism, and Pantheism. 
I have quoted his lines, because they are susceptible of fur- 
nishing an illustration of tlut doctrine of the ancient Mundi, 
to those who are acquainted with it. To return^ how- 
ever. On tliis princijial, whatever parts of the universe*they 
chose to deify, w^ere parts of God, and therefore entitled to 
religious w^orsbip. They themselves, also, and their fellow'- 
creatures, were parts of the divinity a notion which tended 
to produce that pride and self-sudiciency, for which the Stoics 
were so highly distinguished. On this absurd, but to minds 
darkened and Tain> in their imaginations, moat plausible 
ground, did the wisest and the best philosopliers of antiquity, 
advocate the system of poljiiheism and idol worship; a 
system which is so totally at variance with what we deem the 
light of nature which was composed of rites, foolish, indecent 
and cruel; and which sanctioned the grossest licentiousness 
and immorality. 

The history of the ancient world does not furnish us with 
a single example of a philosopher wrho attempted to turn 
men from the worship of images, statues, and dumb idols, 
to that of the lining and true God. The accusation with 
wdiich Socrates was charged, and which led to his condemna- 
tion and death, w as not, that he dissuaded the people from 
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wotsbipping the god, appointed by law, but that he himself 
did not esteem those gods which the city of Athens regarded 
as sueh, and that he introduced other new gods. It is mor- 
tiiymg to relate, that tliis great man, on the' day of his death, 
alluded to a h\T:nn u hich he had composed in^his prison-house 
to the idol Apollo. 

When we remember that the systpm of idolatry which I 
have described, was interwoven with the constitution of every 
government in the world but one, and therefore had tlie 
power of the prince, and the magistrate in its support,— that 
it had the aid and the influence of a jiriesthood, that was 
neither unconcerned nor disinterested in its continuaiice--and 
that the whole of mankind were its auxiliaries in the feelings 
of veneration for that supposed sancti^ which it awakened, 
and in the base and potent passions tor which it furnished 
gratification, we may form some feeble conception of the ex- 
tent of that darkness that Covered the iMurth when our Lord 
Christ appeared, and of the " gross darkness that covered the 
people.’* 

HI" 


LESSON THE FIRST. 

ORIGIN -AND PROGRESS OF MYTHOLOGY. 

CHINESE MYTHOLOGY. 

L Mythology is a word derived from the Greek, sig- 
nifying any kind of fabulous doctrine; but in a more 
confined sense it means those fabulous stories concern- 
ing the objects of worship, which were invented by men 
who lived in the early ages of the world. 

2t Fable or fiction is a creature of the human imagin- 
ation, and derives its birth from the love of the mar- 
vellous. 

Illustration.-— The common appearances of nature, 
which are perpetually occurring, are too obvious, fami- 
liar, and uninteresting, either to gratify curiosity or ex- 
cite admiration ; but when by a lively imagination they 
are new modelled, diversified, and embellislied, they 
generate admiration, and other sensations that interest 
the mind : of these, legislators and public teachers, in 
the early ages of society, took a due advantage. 
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3, The legislator employed fable and fiction as a 
means of civilizing a rude unpolished world : the phi- 
losopher, tlie theologist, and the poet, made use of the 
same vehicle to Convey their maxims and instructions to 
the vulgar. 

4. Almost every nation has had its peculiar system of 
mythology ; but the Orientalists, who had ever a propen- 
sity to personification, have most distinguished them- 
selves in this way. 

.5. Mythology was first reduced to a system by the 
pagan priests in Kgypt, who were the depositaries of 
learning as well as of religion, and who monopolized the 
arts and sciences. 

6. Fables and Mythology are the tales of former 
times ; and they cannot prevail to any extent, till the 
authentic traditions of a people are in a good measure 
lost, or adulterated by the inventions of men. 

7. Hence the Chinese and Egyptians, the two most 
ancient nations, were altogetlier unacquainted w itli fa- 
bulous details in the very early periods of their monar- 
chies. 

8. By the Chinese mythology, Fo, Foke^ or Foki^ 
the founder of their empire, was born in a superntitural 
manner, and was inspired by heaven with knowledge 
which qualified him to teach all manner of arts and 
sciences. 

9. Of Confucius y they say he was not bom as other 
men, and that he was able to speak and reason most 
profoundly as soon as he was born : a similar fable is 
given of Luo-kiun, 

10. The worship of Fo was transplanted from India 
to China, not a century before the Christian eera, by an 
ambassador who was sent to inquire into the true religion, 
which an ancient tradition told tliem, was to come from 
the West. 

11. The god Pu, being in high reputation in India, the 
ambassador collected several images of him, and the 
canonical books of the Hindoos, and transported them 
to his own country ; he carried likewise with him the 
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doctrirte of the transmigration of souls. Hence sprung 
the febles of Fo, and all the mythology of China. 

, QUESTIONS rOR EXAMINATION. 

1. What is meant by mythology 1 

2. Prom what does fable derive its birth 1 
How is this illustrated 1 

3. Jly whom and for what was fable employed ? 

4. Who most distinguished themselves in their system of my< 
thology 1 

5. By whom was mythology first reduced to a system 1 

6. AVbat is necessary to the prevalence of mythology ? 

7. What is the inference from this and from fact ? 

8. What does the Chinese mythology say of their founder Fo, 
or Fohi ? 

9. What is said of Confucius and Lao-kiun 1 

10. From whence and how was the worship of Fo brought lo 
China ? 

1 1. In what way were the doctrinea and fables of Fo introduced 1 


LESSON THE SECOND. 

HINDOO, PERSIAN, EGYPTIAN, AND PHOENICIAN 
. • MYTHOLOGY. 

1. The Hindoo mythology is much connected with 
the castes^ into which their nations have been divided 
fi oni time immemorial : their fables relate to the origin 
of the universe, lo the general deluge, &c. 

2. Fo, the god to whom the Hindoo mythology is 
traced, was miraculously bom, and at thirty he began 
to promulgate hi«i doctrines, which extended all over 
India, and a great part of Asia. 

3. His principal doctrine was that of the transmigra- 
tion of souls, which gave rise to a multitude of idols, 
in the shape of men, quadrupeds, birds, reptiles, &c. 

4. The mythology of the Persians supposes the world 
to liave been repeatedly destroyed and repeopled by 
creatures of different formation, who were successively 
annihilated for their disobedience to the Supreme Biding, 

5. The Persian mythology relates chiefly to the ex- 



MYTHOLOGY. 


125 


ploits of Tahmuras, one of their ancient kings,' who 
attacked, vanquished, and carried off the giant or demon 
that opposed the happiness of his country, 

6* The battles, labours, and adventures of Rostan, 
another Persian chief, are likewise celebrated 6y the 
Persian bards, in a similar way to that in which the la- 
bours of Hercules have been sung by the poets of Greece 
and Rome, 

7. Persia is said to be the genuine classic ground of 
Eastern mythology, and the source of chivalry and ro- 
mance, from which they were propagated to the northern 
and western parts of Europe. 

8. In the Egyptian mythology the revolutions of the 
heavenly bodies are confounded with the reigns of their 
most early monarchs. 

9. Hence the incredible number of years included in 
the reigns of their superior gods who filled the Egyptian 
tlirone, to whom succeeded twelve^ demi-gods, who like- 
wise reigned a considerable time. 

10. The imaginary exploits and adventures of these 
gods and demi-gods furnished an inexhaustible fund of 
mythological romances. 

11. The wars, adventures, and exploits of psiris, 
Oris, Typhon, and Isis, and the transformation of* the 
gods into divers kinds of animals, are the foundations of 
Egyptian mythology. 

12. Objects animate and inanimate were at first con- 
secrated as the visible objects of the deities, and after- 
wards they were worshipped as deities. Thus Jupiter 
Ammon was represented under the figure of a ram ; 
Apis under that of a cow ; Osiris of a bull ; Pan of a 
goat ; Thoth, or Mercury, of an ibis, &c. 

13. Thoth, or Mercury Trismegistus, is thought to 
have been the inventor of this system : and he is repre- 
sented as the author of letters, and all the branches of 
science and philosophy, 

14. The Phoenician mythology is built on the details 
of the fabulous# adventures of Uranus, Cronus, Dagon, 
Thoth, &c. The Phoenicians have also deities answer- 
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iiig to the Pluto, Vulcan, Esculapius, Neptune, Venus, 
Minerva, and all the Titans of the Greeks. 

QUESTIOlfS Foil EXAMINATION. 

1 , With what is the Hindoo mythology connected, and to 
what do their i’ahles relate ? 

^2. What account do they give of Fo F 

3. What was bis principal doctrine ? 

4. Upon what is the Persian mythology founded? 

5. To what does it chiefly relate 'i 

6. To what other hero do the Persian poets refer ? 

7. How is Persia described with respect to mythology ? • 

8. With what are the reigns of tlie Egyptian kings confounded^ 

9. What IS the inference drawn from this ? 

10. How were the exploits of their gods applied ^ 

11. What "wjis the foundation of tlie Egyptian mythology j 

12. By what means did animate and inanimate things become 
objects of divine worship ? 

13. Who is the supposed inventor of Egyptian mythology, and 
what beside is ascribed to him ? 

14. On what is the Phoenician mythology built? 


LESSON THE THIRD. 

„ • GRECIAN AND ROMAN MYTHOLOGY. 

1. The mythology of Greece is furnished chiefly by 
the adventures of Jupiter, Juno, Minerva, Neptune, 
Venus, Mars, Vulcan, and Vesta ; Apollo, Diana, Ceres, 
and Mercury, who represented personages that had been 
beneficial to their country. 

2. The foibles and frailties of deified mortals were 
transmitted to posterity, and incorporated with the at- 
tributes of the deity ; hence the mixture of tlic mighty 
and mean which chequers the characters of the heroes 
of the poets of antiquity. 

3. Besides the twelve deities already mentioned, and 

who are called the superior gods, there were the second 
and third classes of gods, and a multitude of others of 
inferior dignity. • 

[We shall only notice the twelve superior deities,'] 
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4. Jupiter, the most powerful of the Grecian god% 
was son of Saturn and Ops, and having delivered his 
lather from Uie tyranny of the Titans, became at last 
master of the empire of the world, which he divided 
with his brothers ; reserving heaven for himself, he gave 
the sea to Neptune, and the infernal regions to Pluto. 

5. Having overcome his enemies he gave himself over 
to all manner of pleasured, but notwithstanding his licen- 
tious conduct, he obtained universal homage and worship. 

6. He is represented as sitting on a golden or ivory 
throne, holding in one hand thunderbolts ready to be 
hurled, and in the other a sceptre of cypress ; these re- 
presented his power and its durability : the eagle at his 
feet with outstretched wings is emblematical of his 
sovereignty over the heavens. 

7. Jupiter was the king and father of gods and men, 
Iiis power extended over the deities, and every thing 
and being, except the Fates, were subservient td liis will. 

8. Juno, the sister and wife of "Jupiter, is famous for 

jealousy, her implacable anger, and her quarrels with 
her husband ; she is represented as seated on a tluone, 
holding in her hand a sceptre, wearing a crown, or having 
her head encircled with a rainbow : as an attendant, she 
has her favourite peacock. • • 

9. She presided over empires and riches, and was 
worshipped with solemnity : she was regarded as the 
protec’trcss of married women, who invoked her under 
the name of Juno Lucina. She had three children, viz. 
Hebe, Mars, and Vulcan. Iris was her chief attendant. 

10. Minerva, the goddess of wusdom, is said to have 
sprung from the head of Jupiter, and was the patron of 
the arts ; she is emblematical of wisdom, prudence, 
and the other virtues. 

1 1 . She is represented as a beautiful woman, armed 
with a golden helmet and breast-plate : in her right hand 
is a lance, and in her left is a buckler called the ^gis, on 
this is embossed the Gorgon Medusa’s head, encircled 
by snakes, instead of hair. The cock and owl are em- 
blems of her valour, and of her propensity to meditation. 
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* 12. Neptune was worshipped as the god of the seas : 
he is represented as standing erect in a chariot, formed 
of a vast shell drawn by sea*horses ; clothed in an azure 
mantle^ and holding in his hand the trident which com- 
manded the waves. 

13. He was ruler of the waters, and held dominion 
over all maritime business : his most remarkable child 
was Polyphemus, one of the Cyclops, a giant who re- 
sided in Sicily, and devoured all those who fell into his 
hands. 

14. Venus, the goddess of love and beauty, is said 
to liave sprung from the froth of the sea, on the surface 
of which she, was w^afted along in a shell to the foot of 
mount Cythera. 

1 5. On the sea she is surrounded by Cupids, Nereids, 
and Dol])hius : but in the heavens her chariot is drawn 
by doves and swans. Temj)les have been erected to 
her everywhere, but Cyprus was her favourite residence. 

16. jViars is represented as a furious w^arrior riding in 
a chariot drawn by horses, which are driven by a dis- 
tracted woman. I)i.scord flies before them ; cianioiir, 
anger, 1‘car, and terror, attend his progress. 

1 7. The dog was consecrated to Mars foV his vigilance 
in the pursuit of Ins prey ; the wolf for his fierceness ; 
the raven, because he delights to feast on the bodies of' 
the slain in battle ; and the cock for his watchfulness, 
by which he prevents surprise. 

QUESTIONS FOU EXAMINATION. 

1. What chiefly furniehes the mythology of Greece? 

a* What IS the cause ol’ the mixture of character in the gods 
of Greece aud Rome / 

W'ere there any other besides the superior gods? 

4. Who was .Jupiter, and how did he divide his kingdom? 

Did he obtain general worship 

(). How IS he repres'ented ? 

7. VVhat character did he sustain? 

b. Who was Juno, for what was she famous, and how is she 
represented ? , 

9. W'hat was her character, and who was her chief attendant? 

10. How was IMinerva derived, and of what i.s she emblematical? 
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11. How is sbe represented : of what are the cock and owl the 
emblems 7 

12. Zn what character was Neptune worshipped, and how is he 
represented ? 

13. What was his character, and who was his most remarkable 
child 7 

14« Who was Venus, and from what did she spring 7 

15. How is she represented, and which was her favourite resi- 
dence ? 

16. How is Mars represented ? 

17. What animals were consecrated to Mars, end why were 
they devoted to him ? 


LESSON THE FOURTH. 

MYTIIOLOG'S OF GREECE, ROME, AND THE NORTHERN 
NATIONS. 

1. Vulcan was the god of fire, and the inventor of 
thej art of fabricating arms and utensils from metals. 
Temples were erected to him at Athens, Rome, Mount 
Etna, &c.; and at Memphis a most magnificent one was 
dedicated to this god, before which stood a collcfsal 
statue, seventy feet high. He forged the armour of the 
gods and the thunder of Jupiter. 

2. Vulcan is represented seated at his anvil, with his 
tire and tools about him, holding a thunderbolt with a 
pair of pincers in his left hand, and in his right a ham- 
mer raised in theiact to strike; he is supposed to be 
sooty and black from the nature of his employment. 
He is the son of Jupiter, the husband of Venus, and 
the father of Cupid. 

3. Vesta was the daughter of Saturn, and the god- 
dess of fire : an altar was raised to her, and certain 
virgins, called vestal virgins, were employed in maintain- 
ing the sacred fire, which burned in honour of tlie god- 
dess. 

4. The temple of Vesta was supposed to contain, be- 
sides the sacred fire, the Pafiadium, or sacred image of 
Minerva, and the Lares and Penates, or household gods, 
which .®neas saved fi*om the destruction of Troy 

o 2 
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5. Apollo, the son of Jupiter and Latona, presided 
over the fine arts ; he taught the sciences of divination 
and of foretelling future events ; and was deeply skilled 
in the practice of music and medicine. 

6. The Apollo Belvidere is the noblest statue in the 
world ; he has a cloak thrown over his shoulders, on his 
feet are a sort of buskins anciently used in hunting. 
He holds a bow in his hand. Sometimes he is repre- 
sented with his harp and crown of laurel. 

7. Diana, the sister of Apollo, was goddess of chas- 
tity, of the chase, and of the woods. She is adorned 
as Luna in heaven ; as Diana on earth ; and as Hecate 
in the infernal regions. She had two temples ; the one 
at Ephesus, one of the wonders of the world ; the other 
at Taurica Chersonesus. 

8. She is represented under the figure of a tall beau- 
tiful virgin, in a hunting dress, a i)ow in her Iiand, a 
quiver of arrows suspended across lier shoulders, and 
her forehead ornamented with a silver crescent. 

9. Ceies, the goddess of fruits, is said to have taught 
the art of tilling the earth, sowing corn, and making 
bread. She is represented as a majestic woman, with 
poppies and ears of wheat in her left hand, and a lighted 
torch in her right. 

10. Mercury, the messenger of the gods, was the in- 
ventor of letters, the reformer of language ; on account 
of his attention to eloquence hegjwas denominated 
Hermes. 

11. He is represented as a young man of a clieerful 
countenance, with wings fixed to his cap and sandals, 
and in his hand the caduceus, a wand, round which were 
entwined serpents, 

12. The mythology of the northern nations has no 
affinity with tliat of the Greeks, but is much hke that 
of the Persians. Odin or Woden was the supreme di- 
vinity of those people ; his exploits and adventurer fiir- 
uish the great part of their mythological creed. That 
hero is supposed to have emigrated froriTL the east ; he 
is represented as the god of battles, and as killing thou- 
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sands at a blow. His palace is called Valhalla ; it is 
situated in a city where the souls of the heroes who had 
bravely fallen in battle, enjoy supreme felicity. They 
spend the day in mimic hunting matches, or imaginary 
combats ; and at night they assemble in the [mlace of 
Valhalla, where they feast on the most delicious viands, 
dressed and served by virgins, adorned with celestial 
charms, and flushed v^ith the bloom of everlasting 
youth. Tliey solace themselves with drinking mead, 
the nectar of the country, out of the skulls of enemies 
whom they had killed in battle. 

QUESTI015S FOR EXAMINATION. 

1 . Who was Vulcan, where were his temples, and what was 
his business ? 

2. How is he represented 1 

S* Who was Vesta, and what was tlie business of tlie Vestal 
virgins “I 

4. What did the temple of Vesta contain ? 

5. Who was Apollo, and what did ho teach 1 

6. How is the Apollo Belvidere represented ? 

7. Who was Hiana; under what names was she adored, and 
where were the temples dedicated to her? 

8. How is Diana represented 7 

9. Who is Ceres, what did she teach, and how is she .repre- 
sentedl 

10. Who is Mercury, of what was he the inventor, and why 
was he denominated Hermes 1 

3 1. How is he represented 1 

12. Give some account of the mythology of the northern na- 
tions. 
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HISTORY- 

obsehvations upon its nature, genius, objects, 

POWERS, AND EFFECTS. 

“ When a statesman traces, for the instruction of posterity, the living 
images of the men and manners of his time ; the passions by which he 
has himself been agitated, and the revolutions in which his own life 
and fortune were involved ; the picture will doubtless retain a strong 
impression of the mind and cUarachT, and the opinions of its author. 
But there will always be a wide interval between the bias of sincere 
conviction, and the dishonesty of intentional misrepresentation.” 

Loro Grenville, — hin preface to the earl of Chatham's Letters to Jus 
nephew, Lord CameJford. 

It did not escape the sagacity of Tacitus, that the decline jof 
history under the imperial government was, in part, caused 
by the exclusion of the people from public affairs. In po- 
jiular states, even where the historian himself has no direct 
e.\pericnce of public business, he at least breathes an atmos- 
phei'e fuU of jiolitieal traditions and debates. He lives u ith 
those who tliink and speak more of them than of most other 
subjects. He cannot ne an utter stranger to the spirit of civil 
prudence. Under absolute monai’chies, on the other hand, 
the few who know the causes of events, are either afraid to 
write,, or see no importance in any thing but the intrigues 
by which they obtain and preserve power ; and the task of 
writing history is necessaiily abandoned, either to mere com- 
pilers, or to sophists or rhetors, who, of all men, are the most 
destitute of insight into character, and of judgment in civil 
affairs. 

The genius of history is nourished by the study of original 
narrators, and by critical examination of the minute circum- 
stances of facts. Ingenious speculation and ostentatious or- 
nament, are miserable substitutes for these historical virtues ; 
and their place is still worse supplied by the vivacity or 
pleasantry which, where it is most suc(?essful, will most com- 
pletely extinguish that serious and deep interest in the affairs 
of men which the historian aims to inspire. An historian 
is not a jester or a satirist. It is not his business to sneer 
or laugh at men, or to lower human nature. It is by main- 
taining the dignity of man, and the import^ce of his pur- 
suits, that history creates a feUow-^feeling with his passions, 
and a delight in contemplating his character and actions. 
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My work,” says M. de Sismondi, in the introduction to 
his History of France, “ was begun and completed from the 
originals, according to the advice which I formerly received 
from the great historian, John de Muller. I studied history 
in the contemporary writers: I endeavoured to represent it 
in the light in which it appeared to them ; and it is only after 
having exhausted these original authorities, and formed an 
unprejudiced opinion from them, that I had recourse to sub- 
sequent writers. Then only I often learned the existence 
of historical controversies, of which I had not before sus- 
IKJcted the possibility. I have lost something by this pro- 
cess ; but the contrary method w^ould, I tliiiuc, have been 
more injurious. Histoiy, thus contemplated at its source, 
appears to me so new, so different from what I supposed it 
to be, that I seem to myself to have gained more by guard- 
ing against the prejudices of compilers, than I can have lost 
by renouncing the aid of their information.” 

Though this language may seem to indicate too rigorous 
an exclusion of modem aid, there is nothing more certain 
than that the history of remote ages can never be composed 
ns it should be, unless it be chiefly drawn from original 
writers. The importance of this practice to truth is obvious; 
yet no man without experience can know the full extent of 
the danger of trusting even to the best compilers. In long 
works oversights are inevitable ; and, in the course of time, 
small inaccuracies are, by the negligence of successive com- 
pilers, magnified into considerable, and sometimes 'essential 
errors. Whoever traces a remarkable story through a long 
series of historians, will often be astonished at tlie utter dis- 
similarity of the last, to the first edition, though in each in- 
termediate stage the additions or alterations may be almost 
imperceptible. There are few countries in which the truth 
of history has suffered more than in England, from the in- 
dolence with which almost every one of our modem histo- 
rians has taken the basis of his narrative from his predecessor. 
A better spirit has, however, in some modem works been dis- 
played; and, when government have done their duty, by 
making public the ample materials under their controul, we 
may hope to see our ancient history illustrated from authentic 
sources. 

But it is not to accuracy only, that the consultation of 
original authorities is essential. The delight with which yre 
peruse the history of ages long passed, depends chiefly on its 
lively and picturesque representation of men, manners, and 
events. But these are omy to be found in the dramatic nar- 
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tative of the eye-witnesses, or the contemporary who had 
always seen the manners which he paints, and had p;enerally 
felt some degi’ee of the passions which actuated his heroes* 
The spii’it ot the origimU narratives evaporates when they 
Are pouBsd from compilation to compilation. If a modem 
historian can recover this charm, it is only when he either 
borrows directly from the first sources, or when frequent and 
familiar contemplation of them has kindled his imagination, 
and enabled him to antiquate his feelings, soi»as to become 
for a moment the contemporary of those ages of which he is 
the historian. Nothing, therefore, is more true, however 
paradoxical it may seem, than that the means of amusement, 
and what is more, of interest, are to he found by a modem writer 
of adequate talents, chiefly in those researches into imtiquity, 
and that diligent study of ancient nrriters, which appear so 
tedious to indolent readers, and be represented in so 
ludicrous a light by men of wit. ’Hie narrative of ancient 
events, by a mere modein thinker, must always be uninterest- 
ing, because he can never paint, or even conceive, the feelings 
from which these events arose. 

It is on the s}anpathy which history excites, that its moral 
effect depends. The moral improvement to be derived from 
all narrative, whether it be historical, or what is called ficti- 
tious, is in proportion to the degree in which it exercises, 
and thereby strengthens, the social feelings and moral prin- 
ciples of the reader. In both cases it excites emotions similar 
to those inspiied by the men and actions which suiTO|ind us 
in the world. Our habits of moral feeling are formed by 
life ; and they are strengthened by the pictures of life. In 
the perusal of history or fiction, as in actual experience, we 
become better by learning to sympathize with misfortune, 
and to feel indignation against baseness. The narrative of 
events which have occurred, or which may probably occur, is 
thus one of the most important parts of the moral education 
of mankind. It is not, however, by the common-place and 
trivial moralities which may be inferred from, or illustrated 
by every narrative, that the historian contributes to the mo- 
rality of his readers. These general conclusions are already 
known to every child; and nothing has less effect on the 
character or feelings than the repetition of such paltry adages. 
He can improve his readers only by interesting them ; and 
he can interest them only by that animated representation 
of men and actions which inspires feehngs {dmost as strong 
M those which are excited by present realities. Delight and 
improvement must, therefore, be produced by the very same 
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means; and if the history of former ages be de%htfhl only 
when it has the pietnresque partieularity of original writers, 
it must depend also in pai% on the study of the same writers 
for the attainment of its highest purposes. 

Nor arc these tlie only circumstances in whiclji history^ 
when rendered picturesque and characteristic by its at^er- 
ence to contemporary documents, is superior to those narra- 
tives in which modern speculation predominates. It is not 
only more accurate, more interesting, and more moral, but 
it also aifords more instruction to the politician, and better 
materials for the philosopher. As long as the events pre- 
serve the colour of the age in which they passed, the states- 
man is in no danger of being so misled by history as to 
consider the precedents of a remote antiquity as fit to he 
slavishly adopted in a totally dissimilar condition of society. 
The speculations of a modej*n compiler discolour, and dis- 
figure, and disguise the facts of ancient history. They are 
seen through a diftereut medium; and being combined with 
modem passions and prejudices, ai‘e, iudeed, no longer the 
same facts. From such materials the philosopher can form 
no true judgment of the sjurit and character of former times. 
No inferences from them can afford a solid foundation for a 
theory of the nature and progi*ess of society. 

To illustrate these general remarks, 1 will subjoin a spe- 
cimen of the diff*ercnce between an ancient narration, and a 
modern abridgment. In siieaking of the administration of 
Chai-Jcs Martel, the Abb6 Velly, in his History of prance, 
has tub following passage. — ^ 

“ France owes to the victory of Poictiers, the preservation, 
or at least the free exercise, of the Christian religion. With- 
out the intrepid arm of the jirincc, who crushed the Saracens, 
she might have been com^ielled, perhaps, to embrace Maho- 
metanism ; yet the clergy laboured to blacken his memory. 
We read in a synodal letter ascribed to Hincmar, that the 
body of Charles was carried away to hell ; and that on open- 
ing his grave, nothing w^as found but a frightful dragon, and 
a pestilential smell. This ridiculous story is founded on a 
revelation of St. Eucheiius of Orleans, though that prelate 
died before Charles Martel. It is obvious Hiat it is a fable 
invented to intimidate those princes who might be tempted 
to lay their hands on the property of the church.” 

Velly, Hist, qf Frmce, p. 183. 

Let ns now tee the ancient narrative, as it is in my opinion 
judiciously copied literally by M. de Sismondi. A hundred and 
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twenty years after the death of Charles Martel, the clergy 
of France, assembled at Kiersi in a national council, con- 
demned his memoiy in the following letter to Louis the 
Germanic. 

“ It is Jbecause prince Charles, father of king Pepin, was 
the ,#r8t of the kings and princes of the Franks, to divide 
and separate the property of the church, that, for that cause 
alone, ho is damned etemall)'. We know in fact, that St. 
Eucherius, bishop of Orleans, whose body rests in the con- 
vent of St. Frudon, being in prayer, was carried into the 
world of spirits ; and that among the things which he saw, 
and which the Lord showed him, he recognized Charles ex- 
posed to torments in the lowest depths of heU. The angel 
who conducted him being interrogated on this subject, an- 
swered, that in the judgment to come, the soul and body of 
him who takes away the goods of the church, shall be exposed 
even before the end of the world, to eternal torments, by 
sentence of the saints, who are to judge with the Lord. 
The sacrilegious plunderer shall he laden with the penalties, 
not only of his own sins, but of the sins of those who had 
bestowed their property, for the love of God, on holy places, 
on the lamps of divine worshij), on alms to the servants of 
Christ, and for the redemption of their own souls. St. £u> 
cherius, w'heti he came to himself, called St. Boniface and 
Fulrad, abbot of the convent of St. Dennis, and first chaplain 
of king Pepin, to whom be related these things. He recom- 
inendtm that they should go to the sepulchre of Charles ; and 
that if they did not find his body there, it would be ^roof 
of the truth of the vision. Boniface and Fulrad accordingly 
went to the convent, where the body of Charles had been 
interred; and, having opened his tomb, a dragon instantly 
sprang out of it, and it was blackened in the inside, as if he 
had been burnt. We ourselves have seen men who lived 
till our times, and who vvere present at these occurrences, 
and they attested the chings w^hich they saw and heard. 
These things coming to the knowledge of Pepin, he caused 
a synod to be assembled at Lcptincs, at which St. Boniface, 
together with George, a legate of the apostolic see, presided. 
We have the acts of this synod, which attempted to restore 
all the ecclesiastical property which had been taken ; but as 
Pepin could not restore them all, on account of his war with 
Gaifer, prince of Aquitan, he at least mortgaged them to 
bishops, directing that they should pay tithes, and that each 
household pay twelve pennies to the church^ till the whole 
could be restored.” 
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How faint is the modem abridgment; and in what lively 
colours does the original letter msplay the sordid rapacity, 
the rancorous malice, the impudent imposture, the gross ig- 
norance, of a whole national chui^ch, and the wretched state 
of nations and sovereigns, who could be duped Hby tt||^ 
clumsy falsehoods I 

I ennnot forbear from comdne a singular, powerful, and 
impressive passage from Hobbes^ remarkable preface to his 
translation of Thucydides. It is as follows : “The principal 
and proper work of history being to instmet and enable men 
by the knowledge of actions past, to bear themselves pru- 
dently in the present, and providently towards the future, 
there is not extant any other (merely human) that doth more 
fully and naturally perform it, than this of my author. It is 
true, that there may be many excellent and profitable his- 
tories written since ; and in some of them, there is inserted 
very wise discourses, both of manners and policy : but being 
discourses inserted, and not of the contexture of the narra- 
tion, they, indeed, commend the knowledge of the writer, 
but not the history itself ; the nature whereof is merely nar- 
rative, In others, there be subtile cbnjectures at the secret 
aims, and inward cogitations of such as fall under their pen ; 
which is also none of the least virtues in a history, where the 
conjecture is thoroughly grounded, not forced to serve the 
purjiose of the writer in adorning his style, or manifesting 
nis subtlety in conjecturing. But these conjectures cannot 
often certain, imless withal so evident, that the narftition 
itself may he sudicient to suggest the same also to the reader. 
But Thucydidks^ is one, who though he never digress to 
read a lecture, nioml or political, upon his own text, nor enter 
into men’s hearts, farther than the actions themselves evi- 
dently guide him, is yet accounted the most politic historio- 
grapher that ever writ. The reason whereof I take to be 
this: that he filleth his narrations with that choice of matter, 
and ordereth them witli that judgment, and with such per- 
spicuity and efficacy expresseth himself, that as Plutarch 
saith, he maketh hk auditor a spectator. For he setteth his 
reader in the assemblies of the people, and in the senates, at 
their debating ; in the streets at their seditions ; oud in the 
field at their battles! So that look how much a man of un- 
derstanding might have added to his experience if he then 
lived a beholder of their proceedings, and familiar with the 
men and busmsss of the time: so much almost mey he 
profit now, by attentive reading of the same here viTitten. 
lie may from the narrations draw out lessons to himself, and 
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of hiinself be able to trace tbe drifts and counsels of the 
actors to their seat.” 

The truth it will be said is here somewhat exaggerated. It 
mnd^l require infinite dexterity, as well as a continual sacri- 
of Tanity, to write in this maimer ; but, nevertheless, so 
Sins it is attainable, how instructive and how <lelightfu] ! 

Even Hume, who tells his story so well, is often ostenta- 
tious of his opinions, and becomes, like Gibbon, rather a 
philosophical commentator, than a skilful historian. So does 
a greater writer still, Burke, both in his ‘ Account of the 
European Settlements,* andinhismasterly' Fragments of Eng- 
lish History,’ which I trust evei^ one of iny readers will read : 
but he never is deficient in vivacity and variety. One source 
of both those excellencies may be found in the judicious 
practice of borrow'ing freely from the original writers, and 
from the documents of the times, altering the expression 
only by discarding obscure, uncouth, and recluiidant w^ords. 

How striking is this short passage, in a s])eech (jf Kdward 
the Fomth, to his parliament ! The injuries that 1 have 
received are known every wdiere, and the eyes of the world 
are fixed upon me to see wdth what contenan(3c T sufier.’* 
If actual events could he often related in this way, there 
would be more books in cmculating libraries than novels 
and romances. 

The Hvely and graphic style is plainly the best, though 
now and then the historian’s criticism is wanted to sujuiort 
a startling fact, or to explain a confused transaction. Tims 
the learned lludbcck in his ** Atlantica,” ascribing an ancient 
temple in Sweden, to one of Noah’s sons^gp^^anly adds, “ ’twas 
probably the youngest.” 

I cannot helji adding, that if the student w ill read with a 
pencil in his hand, more than one (‘elebrated historian, he 
will be surprised to find himself making so many grave ob- 
servations, worthy of the cautious Swede ! 

There is one grand incident in our own annals, presenting 
the means of producing a work at least as interesting and 
instructive, as any public story ancient or modern. I mean 
the establishment of American Indeiiendence. Do I say too 
much in speaking of this, as the principal event of all civil 
histoi^ ? 

I will appeal to the student ; I will ask him only to think 
of the ma^tude and the nature of the question at issue ; 
of its consequence as an example ; of the successful termina- 
tion of the struggle ; of the elevated and accomplished actors, 
both in the United States and in England. The battle was 
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as much fought at home as abroad ; and some of the com- 
batants were the King, Lord ' Chatham, Lord North, Mr. 
Burke, Mr, Fox, General Washington, Dr. Franklin, and 
Mr, Jefferson. 1 will ask him to think too of tlie manifestoes, 
the proclamations, the declaration of Independence; and, 
“ last not least,” of the speeches, which fumisli abler #ad 
more authentic examples of eloquence, than are found in 
Thucydides, Livy, or Tacitus, These dramatic documents 
have always been the allowed and admired ornaments of 
history. 

One surprising instance, equally honourable to the speaker 
and to the assembly that bore it, shall conclude this paper ; 
it is the famous exclamation of Lord Chatliani, “ My t^rda ! 
I rejoice that America has resisted.” Let the student re- 
member that this man had been minister, and meant to be 
minister a^in ! 

1 hope these random thoughts will not perplex, but incite 
the student to the exercise of critical acumen and philoso- 
j)hic reflection. 


LESSON THE FIRST. 

1 . History is a connected recital of past or present 
events : and it is the office of history to trace the pro- 
gress of man from the savage state, and thrcnigJi the 
several degrees of civilization, to the nearest approach 
to perfection of which social institutions awe capable. 

2. The uses of history are these : it serves to amuse 
the imagination and interest the passions : — it improves 
the understanding; and it tends to strengthen the sen- 
timents of virtue. 

3. Oral tradition was, in early times, the only vehicle 
of historical knowledge: hence to secure the remem- 
brance of important facts, as compacts, treaties, &c. 
they were recited in the assemblies of the people* 

4. Another method of transmitting the knowledge of 
important events was by historical poems. Hence the 
office of bards, whose whole employment was to com- 
pose and rcj>eat those poems. 

5. The nexf method of preserving traditions was by 
visible monuments, as pillars, edifices, &c. erected upon 
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occasion of any remarkable event ; of this nature was 
the heap of stones raised by Jacob and Laban, as a 
memorial of their mutual reconciliation. 

6. Coins, medals, and inscriptions, may be regarded 
as portable historical monuments. In after times the 
archives and laws of states perpetuated information in 
a more certain and extended fornu 

7. A general and accurate knowledge of geography 
and chronology is necessary in the study of history. 

iLLUSTitATioN. — A kuowledgc of the situation and 
relative magnitude of the several countries of the earth 
assists and aftbrds clear and distinct ideas of events; 
and a general comprehension of the current of time 
enables a i^erson distinctly to trace their d^>endence 
on each other. 

8. A good historian should have a general acquaint- 

ance with tl^e sciences, and with the principles which 
actuate human nature, as it will enable him to judge of 
the possibility and probability of certain facts, and be 
a guide in estimating the consistency of human clia- 
racters, and of what is, or is not, within the powers of 
human nature. , 

Ilcustkation. — Philosophical knowledge, in general, 
will ‘be found of tlje most extensive use to all persons 
who would examine with accuracy the achievements of 
ancient nations in peace or war, or would impartially 
weigh the account of any thing in which the powers of 
nature are employed. 

9. Useful aids in the study of history are well drawn 
compendiums, such that of Holbcrg, translated and 
improved by Sharpe; chronological tables, such are 
Blair's; and liistorical charts, as that by Priestley; 
tliese shew in a single view the reference and connexion 
which the history of one country has with others. 

10. History, with regard to the nature of its sub- 
jects^ may be divided into general and particular; and, 
with res]:»ect to rime, into ancient and modem. 

1 1 . General history relates to nations and to every 
thing of a public nature connected with them : the sub- 
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ject of particular history refers to individuaV countrieg 
or particular periods. 

12. Ancient history commences with the creation of 
the world, as given by Moses, and extends to the reign 
of Charlemagne, A. D. 800. Modern history *is dal^ 
from that period, and extends to our own times. 

13. General history is divided into civil and eccle- 
siastical: the first contains the history of mankind in 
their various relations to one anotlxer : the second con- 
siders them as acting, or pretending to act, in obedience 
to what they believe to be the will of God. 

QUESTIONS FOB EXAMINATION. 

1. What is history and its office ? 

2. What are the uses of history *? 

3. What was tlie first vehicle of historical knowledge ? 

4. What was the second method of transmitting historical facts? 

5. Mention another metliod- 

6. What are called portable historical monuments? 

7. W^hat is necessary in the study of history ? 

Give the illustration. 

3. W'ith what should an historian be acquainted 1 

Give the illustration. 

9. What are reckoned useful aids in the study of history? 

10. How is history divided 1 • 

11. To what does general and particular history relate? 

12. When does ancient and modem history commence 1 

13. How is general history divided, and what do the parts 
contain '! 


LESSON THE SECOND. 

1 . History resolves itself into certain periods, at each 
of which a great revolution took place, either with re- 
gard to the whole world, or a very considerable part 
of it. 

2. The jirst general period refers to transactions 
from the creation of the world to the fiood, which are 
recorded in the first six chapters of the Bible. 

3. In tliat period men were not in a savage state ; 
they had made some progress in the mechanic arts; 
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invented music, and found out the method of work- 
ing metals. 

4. They lived in one large community without any 
divisions into different nations, which at length pro- 
ceeded from the confusion of languages. 

5. The second period of lustory commences at the 
deluge, about 1656 years after the creation, and it ex- 
tends to the beginning of profane history. 

6. It irirludes the attempt at building the tower of 
Babel; the history of Noah’s sons; the foundation ol' 
the kingdoms of Babylonia and Assyria; the migration 
and history of tlie Israelities ; the history of the Greeks, 
and their expedition against Troy; the founding of 
Carthage and Rome. 

7. The third period begins with the 28th Olympiad, 
aboiit the year 13. C. 668; and it includes the destruc- 
tion of the kingdom of Assyria by the Medes and Baby- 
lonians, and the overthrow^ of the kingdom of Judea 
by Nebuchadnezzar, king of Babylon. 

8. The fourth period of history extends only to the 
conquest of Babylon by Cyrus, a period of thirty-one 
years, which event took place in the year B. C. 538. 

9. During the fifth period, the Jews, under Cyrus, 
obtained leave to return to their own country, rebuild 
their temple, and re-establish their own worsliip: it in- 
cluded likewise the reign of Alexander the Great, and 
the overthrow oi‘ the Persian empire. 

10. The sixth period includes the rise and progress 
of the four empires which had arisen out of the vast 
empire of Alexander, and the history of the exploits of 
the Romans and Carthaginians till the destruction of 
Carthage about a century and half prior to the birth of 
Christ. 

1 1 . The seventh period is occupied in the conquests 
of the Romans, till their empire had attained its greatest 
magnitude, and till the time when an end was put to 
the Roman republic : it includes also the conquest of 
Britain by Claudius, and, the destruction* of Jerusalem 
by Vespasian. It ended with the death of Trajan. 
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12. The eightii period from the death of 

Trajan to the division of the empire under Constantine. 

13. The Tiinth period exhibits tlie decline and miser- 
able end of the western part of the Roman empire : it 
details important revolutions that occurred in Britain, 
Italy, France, and Spain. 

^14. During this period Africa, properly so called, 
had changed its masters three times: the Vandals had 
expelled the Romans, and erected an independent 
kingdom, which was at length overturned by the em- 
perors of Constantinople, and from them it was taken 
by the Goths, A. D. 620. 

15. The tenth period is dated from the flight of 
Mahomet in the year 622: it includes the rise, pro 
gress, and victories of tliat conqueror, and the fall of 
his empire : it relates to the coiwpiests of the Turks and 
Saracens; the establishment of the pope’s temporal 
power; and it extends to the period of the crusades. 

16. The eleventh period of history commences with 
the crusades, and includes all the space intervening 
from between that time and the present. 

QUESTIONS FOK EXAMINATION. 

1. Into what does history resolve itself? * * 

2. To what does the first general period refer ? 

3. In what state were men at this period? 

4. W hat was the state of society then ? 

5. When did the second period commence, and how far did it 
extend ? 

6. What does it include? ^ 

7. When did the third period begin, and what did it include ? 

8. To what did the fourth period extend ? 

9. What happened during the fifth period ? 

10. What did the sixth period include ? 

11. In what is the seventh period occupied, aud what does it 
include ? 

12. How far does the eighth period extend ? 

13. What does the ninth period exhibit? 

14. What occurred in Africa during that period ? 

15. Which is the tenth period 7 

16. When doe^ the eleventh period commence, and whnt space 
does it include ? 
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ITS HISTORY AND 0TILITY. 

*' Thi? first elements of Arithmetic are acquired during our infancy ; 
for when h child gathers as many stones together as suits his fancy, and 
throws thorn a\iay, he acquires the first elements of the two capital 
opemtions in arithmetic, addition and subtraction/’ 

C Academy of Sciences and Art — Article, Anthmeiic. y 

It is remarked by an able writer ujroii the history of this 
science, that “ at what time it was introduced into the world 
bannot be eaiiiily determined. Histor)^ fix<*s neither the author 
nor the time/* This is no doubt true j but we may never- 
theless safely affirm of the four lirst fundamental princijdes : 
viz, addition, subtraction, multijilwiation, ami division, that 
they have always in a certain degree been practised by dif- 
ferent nations. 

Numbers, as a science, must in a great measure have de- 
pended on the advancement of coran;' ’ because aritlime- 
tical calculations, becoming then more necessary , u ould receive 
a greater degree of attention. Thus aritlnncti * is, with much 
probability, supposed to have been of Tyriau or ot* Phoenician 
mvet^tien. From Asia it is said to have passed into Egypt ; 
from Egypt arithmetic w'as transmitted to the Greeks ; thence, 
with its improvements, it proceeded to the Romans; and from 
the Romans, it has been dispersed over the modem nations of 
the world. The symbols or characters of numbers and the 
scale of numerical calculations have been considerably diver- 
sified ib different ages. The Hebrews and Greeks, and after 
them the Romans, had recourse to the letters of tlieir alpha- 
bet for the representation of numbers. The Mexicans adopt- 
ed circles for cyphers, and the ancient Peruvians coloured 
knotted cords, called quipns. The Indians are at this time 
very expert in cornputing by means of their fingers, and the 
modern natives of Peru are said, by the different arrangements 
of their grains of maize, to surpass Europeans, aided by all 
their rules. 

Tlie Arabian or Indian notation, w’hich is now universally 
practised, was ori^naJly derived from the Indians ; and was, in 
the. tenth eentu]^, brought by the Moors dt Saracens from 
Arabia into Spain. Its improvements principally consist in 
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its brevity und precision ; instead of employing twenty four 
characters, only nine digits and a cypher are wanted. The 
symbols alstx are more simple, more appropriate and deter- 
mined ; and therefore the powers of them are less liable to 
inaccuracy or confusion, with the symbols too, th« scale of 
numerical calculations has been varied. The first improve- 
ment W'as the introduction of reckoning by tens, which, no 
<loubt, took its rise fi’oin the obvious mode of counting by the 
fingers, as that was customary in the primary calculations of 
eveiT nation, except the Chinese. 

Tl •} Greeks, as will be seen in the following lessons^ had two 
inethods of marking the advance of numbers: one on the plan 
w hicli was afterwards adopted by the Romans, and w^hieh is 
still used to distinguish the chapters and sections of books ; 
and in the other, the first nine letters of tjie alphabet reprer 
sented the first numbers from 1 to 9, the next nine so many 
tens, from 10 to 90. The n mber of hundreds was expressed 
by other letters, su])plying what was wanting either by other 
inaiks or characters, or by repeating the letters with different 
signs in order to describe thousands, tens of thousands, &c. 

Upon this mode of computation, the writers in a modern 
encyclopedia have the following judicious and apposite obser- 
vations. The aiy-icnt Greek-s ?»nd Romans would ha/e 
brought the science of aritlnncTjc to a much greater degree of 
ptirfection than they ever tbd, had they hit upon the method 
of expressing by ten distinct characters the numbers bj whicli 
they reckoned. But the idea of a cypher, which can oniy be 
introduced into the decadary system, and which may be styled 
the Kkv Stone of Arithmetic, seems never to have struck 
them I and thus, though they reckoned properly enough by 
tens, yet not having characters proportionate enough to ex- 
press their numbers, tlic) involved their Arithmetic in a 
lubpinth of confusion, from which neither a Euclid, nor an 
Archimedes, wdth all their wonderful mechanical powders, 
w'cre able to extricate it, for want of this clue. In a w'ord'it 
is to the cypher, in uniform alternation with the nine tUgits, 
that the model ns owe the honour oi' having perfected a science, 
in which the ancients, with all their great attainments, hail 
made but small progress. And perl^ps if all our modem 
weights and measures were divided and subdivided upon the 
decadary plan, instead of into fourths, eighths, twelftns, six- 
teenths, &c. that general uniformity of both, so long wanted, 
might soon be attained.” 

About the year of onr Lord 200, a new kind of arithmetic, 
called sexagesimal^ was invented by Ptolemy. Every unit was 
a 
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Auppo«ed to be divided into 60 parts, and each of these into 
60 others, See. ‘ Thus from 1 to 69 were marked in the com- 
mon way : — ^then 60 was called a sexagesim^ or first sexagesi- 
mal integer, and had one single dash over it, as T ; 60 times 
60 was ** sexagesima secunda,’* and marked! V, &c. 

These metliods of calculation are continued by astronomers 
in the subdivisions of the degrees of circles. Hie decypk 
or Arabian scale, substiiates decimal instead of sexagesimal 
progression, and by this single process removes the dimeulties 
and embarrassments of the preceding modes. Thus the signs 
of numbers from 1 to 9 are considered as simple characters, 
denoting the simple numbers subjoined to the character ; the 
cyphea* 0, by filling the blanks, denotes the want of a number 
or unit in that place ; and the addition of the columns in a 
ten-fold ratio, always expressing ten times the former, leads 
from tens, according to the order in which they stand, in a 
method at onCe most luminous and certaiih 

For decimal parts, we arc indebted to R^iomontanus, who 
about the year J464 published his book of Triangular Canons. 
Dr. Wallis invented the use of circulating decimals, and the 
arithmetic of infinities j but the last, and with regard to ex- 
tensive application, the greatest improvement which the art 
of computation ever received, was firom the invention of lo- 
garithms, the honour of whicli is due to John Napier, baron 
of Merchiston in Scotland, who published his discovery about 
the hegii;^ning of the seventeenth century. Mr. Henry Briggs 
foUoWed Baron Napier on the same subject. 

Arithmetic may now be considered as having advanced to 
a degree of perfection which, in former times, could scarcely 
have been conceived, and to be one of those few sciences 
which have little room for imjirovement. 


LESSON THE FIRST. 

1. ArithmeHc id the science of numbers, and teaches 
the art. of computing by them. 

2. The Greeks m^e use of the letters of their alphas 
bet to represent their numbers. The Romans followed 
the same method ; and besides characters for each rank 
of classes, they introduced others for five, fifty, and 
five-^hundred, &c. 
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Ex. One iive ten fifty one hundred, 

I V X L C 

five hundred one thousand 

D M 

3. Any number may be Represented by repeating and 
combining the letters ; thus xx stands far two tens, or 
twenty: ccc for three hundred, and so on. 

4. When a numeral letter is placed after one of 
greater value, their values are added : thus xii stands 
for ten and two, or twelve; lxxvii for seventy-seven; 
MocLxvi, for one thousand six hundred and sixty-six. 

5. When a numeral letter is placed before one of 
greater value, the value of the less is taken from that 
of the greater : thus ix stands for ten less one, or nine : 
XL for ifty less ten, or forty : xc one hundred less ten, 
or ninety. 

6. The method of notation thaUwe now use is taken 
from the Arabians, and the characters by which all the 
operations of common arithmetic are performed, are, 
1, 2, 3, 4, 5, 6, 7, 8, 9, 0; the first nine are called 
significant figures. 

7. Significant figures, when placed singly, denote the 
simple numbers subjoined to the characters. • , 

8. W'hen several significant numbers are placed to- 
gether, the first or right hand figure only is to be taken 
for its simple value : the second signifies so many tens, 
the third so many hundreds, and so on. 

Ex- — In 7777, the right hand figure stands for 7 
only, the next stands for 70, the third for 700, and the 
fourth for 7000, so that the whole reads seven thou- 
sand, seven hundred, and seventy-seven. 

9. The cipher in any place denotes the want of a 
number in that place, thus 50 denotes five tens, and no 
unit or simple number; so 304 denotes three hundred 
and four, there being no significant figure in the tens 
place. 

10. The whole art of arithmetic is comprehended in 
various modifidhtions of the four rules, Addition ; Sub- 
traction; Multiplication; and Division. 
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11. AdditUm is that operation by which several 
nnmbers or sums are collected into one total. 



£. s. 

d. 

Ex. (1.) 583 

(2.) 48 14 

6 

487 

91 10 : 

10 

965 

14 9 

Oi 

321 

26 19 

H 

Total 2356 

£181 14 


12. Subtraction is 

the operation by which we ’take 

a less number, or sum, from a greater, and 

find their 

difference. 
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Examples 9876 

581 13 


4937 

298 19 

8|* 

Difference 4939 

£282 14 

Oi 

13. Multiplication 

is a compendious mode of addi- 

tion, -and teacheth to find the amount of 

any given 

number, by repeating it any proposed number of times. 
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Example 5876 

34 <5 9i X 35 = 7 X 5 

49 

7 


52884 

240 7 6J 


23504 

5 


Product 287924 

£1201 17 8^ 



14, Division teacheth to find how often one number 
is contained in another of the same denomination, and 
thereby performs the work of many subtractions. 

£. s, d. 

Example. 8)76543 6)865 14 9 
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QUESTIONS FOR EXAMINATION. 

1. Wbat is arithmotic 1 

5S. What did the Greeks and Romans use £ numbers '! 

3. How were numbers represented by the Roman letters ? 

4. In what way was the Edition of a number performed ? 

5. How was a number taken away by the Roman method ? 

6. From whom is derived the modem method ot notation^ and 
what are the characters used 1 

7. What do the sifuiiicant figures denote when placed singly ? 
6. How are they reckoned when placed together 1 

Explain by the example. 

9. What does the cipher denote? 

10. In what is the whole art of arithmetic comprehended ? 

11. What is addition ? 

Explain by the examples. 

1 3. AVhiit is subtraction ? 

Fix plain by the examples ? 

13. What is multiplication, and what does it teach? 

Explain by the examples. * 

14* What is division, and what does it teach? 

FIxplain by the examples. 


LESSON THE SECOND. 

1. Reduction teaches to bring numbers from one 
denomination to another, without changing their value : 
it is used to simplify the operations in other rules. 

Example. — If I wish to know how many half-crowns 
there are in £1, 125. 6<Z. I reduce the given sum, and 
also the half-crown into pence, or into sixpences, and 
divide the greater by the less : thus there are 5 six- 
pences in half a crown, and 65 sixpences in £1 . 125. 6fl?. 
and 65 divided by 6 give 1 3 for the answer, that is, 
there are 13 half-crowns in £1. 125. 6d, 

2. In reduction all great names are brought into 
lesser by multiplication: and less names are brought 
into greater by division. 

Example.-rPounds are brought into pence by inul- 
tiplying by 20 and by 12: and pence are brought into 
g^eas by dividing by 12 and 21. 
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3. Proportion^ or m it is often denominated, the 
golden rule of proportion, on account of its general 
application to questions in mathematics and arithmetic, 
is divided into direct, inverse, and compound pro- 
portion. 

4. Direct proportion^ or the rule of three direct, is 
employed in finding, from three given numbers, a fourth, 
which shall have the same relation to the third, as the 
second has to the first. 

Example. — If the three numbers be 2, 6, 10, then 
the fourth will be 30, because 30 has the same propor- 
tion to 10 that 6 has to 2. 

5. The fourth number is found by multiplying the 
second and third together, and dividing by the first. 

6. Inverse proportions or the rule of three inverse, 
teacheth from three given numbers how to find a fourth, 
which fourth shall have the same relation to the second, 
as the first has to the third. 

Example-— If the three numbers be 15, 9, 5, then 
the fourth will be 27, 

7. The fourth number is found by multiplying the 
first and second numbers together, and dividing by the 

third; ’thus = 27. 

o 


8, Compound proportion, commonly called in arith- 
metical books the double rule of tliree, or rule of five, 
is a rule in which more than three terms are given to 
find another d^endarit upon them. 

Example. — If 8 men can reap 40 acres in 7 days, 
how many acres can be reaped by 24 men in 28 days. 


M«n J)«.ys Acres 

8 7 40 


Men 04ys 

24 28 Ans, 


24 X 28 X 40 
8X7 


480 acres. 


The same might be found by two statements of single 
proportion thus; 

Men 8 Acres 40 Men 24 Acres 120 

Days 7 Acre^ 1 20 Days 28 Acres 480 as 

before. 

Explamtion,^YLorQ> it is first found ‘‘that if 8 men 
can reap 40 acres in a certain time, 24 men could in 
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the same time reap 120: it is then found that if in this 
certain time, viz. 7 days, 120 acres can be leaped, 
how many might be reaped in 28 days. 

9. Practice is a compendious method of working die 
“ rule of three direct,’’ that is, such questiotia^as have 
unity for the first term. 

Ilxample. — If one pound of tea cost 6s. 9c?, what 
will 281b. cost: here I multiply the price of one lb. by 
the number of pounds : 6s. 9d, X 28 or 4 X 7 =? £9. 9^, 

10. Fractions, are, as the term denotes, broken parts 
of a whole number or unit, and they are divided into 
vulgar and decimal, both of which are worked by the 
four fundamental rules, addition, subtraction, multipli-^ 
cation, and division. 

11. In vulgar fractions we suppose unity divided 
into several equal parts, one or more of these is called 
a fraction, and is represented by placing one number in 
a smaller character above a line called die numerator, 
and another under it, called the denominator : as I, I, 
1 ^, &o. 

Illustration. — In the first of these fractions the 
unit is supposed to consist of 5 equal parts, and the 
fraction to be equal to three-fiflh parts; that is, if the 
unit be a pound sterling, then each fifth part will be 
equal to 45. and the fraction three-fifths will be equal 
to 125. In the second fraction the unit, say l5. is 
supposed to be divided into 8 parts, and jths is equal 
to 7id. 

1 2 A decimal is a fraction, having always 10, or some 
power of ten for its denominator, which is understood 
and not expressed. 

Example. — The fractions A, Mf, ate expressed in 
decimals by the numerators, only with dots or commas 
before them; as, .5, ,75, .784; if the decimal five be 
part of a pound or shilling, its value will be five-tenths, 
or one-half of the like sums, or lOs, or 6d, If 75 be 
the decimal of a hundred- weight, it will be found equal 
to 841b. by multiplying the decimal by the number of 
pounds in the* cwt. mid striking off as piany figures to 
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the right of the {ffoduct as there are decimal figures in 
the fraction*, thus .75 X 112 = 84.00. 

<5trjiSTIONS FOR EXAMINATION* 

1. is reduction, and for what pas)E>oseB la it used? 

Explain by the example. 

V S!. llow is reduction performed ? 

Give the evninploa. 

3. What is proportion, and how is it diBtinguiehed ? 

4. Whnt is meant hy direct proportion ? 

Give the example. 

h. How is the fourth number found ? 

6. What is meant by inverse proportion 1 
Give the example. 

7. How is the tburth number found 1 
6. What is compound proportion? 

What is the example ? 

How IS the same result obtained by two statements ? 

Give the explanation. 

9. What is practice ? 

Give the example* 

10. What are fractions ? 

IL, Explain what is meant hy vulgar fractions. 

Give the illustration. 

12. AVhat do you mean by a decimal fraction ? 

Give the example. 


ALGEBRA. 

ITS DEFINITION, ORIGIN, AND HISTORY. — WORKS OF 
INDIAN ALGEBRA, 

*‘The present language of Algebra is the most perfect instrument of 
thought which has yet been contrived.” Eclectic Jievietc, 1827, 

Algebra is aR Arabic word of uncertam etymology. It is 
Jirobably derived from al and geher. Which signifies the re- 
duction of fractions to a whole number. It may be defined 
to be a peculiar kind of arithmetic, which ta^cs the quantity 
sought as if it were granted, and by means of one or more 
quantities given, ^proceeds by consequence, till tlie quantity 
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at first only supposed to be knovm, or at least some power 
thereof, is found to be equal to some quantity or quantities 
which are known ; and consequently is itself known. 

A quantity which can be measured^ and is object of 
mathematics^ is of two kinds^ number and extension, ^e 
former is treated of in arithmetic, the latter in geometry. 
Numbers are ranged in a scale, by tJie continual repetition 
of some one number, which is called the root ; and in con- 
sequence of this order, they are conveniently expressed in 
words, and denoted by characters. Investigations by com- 
inoii arithmetic arc greatly limited from the want of characters 
to express the quantities that are unknown, and their dif- 
ferent relations to one another, and to such as are known. 
Hence letters, and other convenient symbols, have been in- 
troduced to supply this defect; and thus gradually has arisen 
the science of AlgehrUt properly called Universal Arithmetic. 
In the common arithmetic, too, the given numbers disappear 
in the course of the operation, so that general rules can sel- 
dom be derived from it; but in algebra, the known quan- 
tities, as wcU as the unlaiown, may be expressed by letters, 
which, through the w^hole operation, retain their original 
form; and hence may be deduced not only general rules for 
like cases, but the dejiendencc of the several quantities con- 
cerned, and likewise the determination of a problem, with- 
out exhibiting which, it is not completely resolved. This 
general method of expressing quantities also, and thq general 
reasonings concerning their connections, which mdv be 
founded on it, have rendered this science not less nselul in 
the demonstration of theorems, than in the resolution of 
jiroblcms. If geometrical quantities be supposed to be di- 
vided into equal parts, their relations in respect of magni- 
tude, or their proportions, may be expressed by numbers ; 
one of these equal parts being denoted by the unit. Arith- 
metic, however, is used in expressing only the conclusions of 
geometrical propositions; and it is by algebra that the bounds 
and application of geometry have been of late so far ex- 
tendea. The proper objects of mathematical science are 
number and extension; but mathematical enq^uiries may l>e 
instituted also concerning any physical quantities, that are 
capable of being measured or expressed by numbers and ex- 
tended magnitudes; and as the application of algebra may 
be equally universe, it has been properly designated the 
sdence of quotttity in general. 

Much controversy and disputation basbeen expended upon 
the biatory of the progress and improvements of algeoTa. 
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Thw has been induced by the |mrtiftlity and prejndi(Jes which 
ate natural to all nations, and by the want of a closer ex- 
amination of the works of the older authors on this subject. 
From these causes it has happened that the improvements 
made bj^ the writers of one nation have been ascribed to 
riiose of another; and the discoveries of an em*licr author to 
some one of much later date; add to this also, that the pecu- 
liar methods of many authors have been described so little 
in detail, that our information derived from such histories is 
but very imperfect, and amounts only to general and vague 
ideas of the true state of the arts. The carhest treatise on 
algebra, whicli has come down to the present time, is that of 
Diopbantus, of Alexandria in Egypt, who flourished in the 
middle of the fourth century after Christ, and wrote a work 
on this subject in the Greek language, consisting originaIl> 
of thirteen books, though unfortunately for the interest -of 
science, only the first six are now extant. 

Other works on the subject, of a more e^sy and elemen- 
tary kind, must, however, hav<^ existed long before the time 
of BioplmntUs, since he nowhere treats of the leading rules, 
as a writer in the infancy of the art WDuld have done. 
Whether wo are indebted for tliis admirable invention to the 
genius of the Greeks, as has hitherto been thought, or to 
tliat of some other ancient nation, cannot at this distance of 
time be easily ascertained; though, from the information 
which for more than a century past has been gi’adually ob- 
tained through our intercourse with the East, there are strong 
reasons for believing that algebra, as well as our common 
system of arithmetic, originated among the Hindoos, or na- 
tives of India, w^ho are known to possess some valuable works 
on the subject, containing rules and principles apparently not 
derived from any foreign source. 

Among the fragments of Eastern science with which the 
lenrning and zeal of om countiymien in India liave enriched 
the literature of the west, is four different Indian treatises, 
in Sanscrit verse, on the arithmetic, algebra, and geometry 
of Hindostan, translated by Henry Thomas Colebrooke, 
Esq. F.R.S, Two of these, the JAlavati and Vija Ganita^ 
are the works of Bhascara Acharya; the first on arith- 
metic, the second on algebra. The other two books are still 
more ancient, and were composed by a mathematician of the 
name of Brahmbgupta. These, like most of the mathe- 
matical writings of the Hindoos, make partt^ of systems of 
astronomy. 

The time of Bhascara is fixed with great precision 
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by bis own testimony, and by corresponding circumstances, 
to a date that answers to about the y^ 1160 of the Chris- 
tian era. The age of Bhahmkgupta ii| considerably more 
remote, and his works are extremely rare. The age in whi^ 
he lived is dxed by Mr. Colebrooke, after a dis^y of sin" 
prising industry and zeal, with great probability, from a va- 
riety of concurring circumstances, and particularly from the 
position which he assigns in his astronomy to the solstitial 
points, to the sixth, or the beginning of the seventh century 
of the Christian era, and antecedent therefore to the first 
dawn of the sciences in Arabia. At the same time it is ob- 
served, that even Brahmegupta’b treatise, is not by any 
means the earliest work known to luivc been writte;ii in India 
on the subject of algebra. Ganesa, the most eminent of 
the scbolias{^ and commentators of Bhasgara, quotes a 
passage from Arya-Bhatt a, on the subject of‘ al^bra, con- 
taimrig a very refined artifice for the solution of indetermi- 
nate problems,, which is known in Sanscrit, by the name of 
Cutiaca, Arya-Bhatta is, indeed, regarded by the Indians 
as the most ancient iminspired writer on the science of astro- 
nomy 5 and by a variety of arguments, which Mr. Colebrooke’s 
intimate acquaintance with the literature and the history pf 
that countiy has furnished, he makes it appear, that this 
algebraist wrote as fai’ back as the fifth century of the phris- 
tian era, aud perhaps, in an earlier age. Hence it follows, 
that he is nearly as ancient as the Grecian algebraist Dio- 
PHANTUS, supposed as 1 have said, to have fiourished in the 
middle of the fourth century, or about the year 360. Mr. 
Colebrooke goes on to remark, that admitting the Hindoo 
and Alexandnau authors to be nearly equally ancient, it 
must be conceded in favour of the former, that he was the 
more advanced in the science, since be appears to have b^n in 
possession of the resolution of equations, involving several un- 
known quantities, which it is not clear, nor fairly presumable, 
that Diophantus knew, Mr. Colebrooke seems willing to 
stop here, without carrying back the origin of the algebra of 
the Hindoos to a more remote period. I may obse^e, how- 
ever, that though no precise, or even traditionary knowledge, 
concerning that science can be carried to a more remote age, 
it is impossible to doubt of its having existed long before, 
and haA^mg passed by many steps to the condition it bad 
then attained. It is very generally acknowledged that Hio- 
PHANTus canjiot have been himself the inventor of all the 
rules and methods which he delivers. Much leafe is Arya- 
Bhatta to be held the sole inventor of a system that is still 
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more perfect than that of Diophantus. Before an authhr 
could think of embodying a treatise of algebra in the heart of 
a System of astroi^omy^ and turning the researches of the 
one science to the purposes of the other, both must be in 
such a state of ailvancement, as the lapse of several ages, and 
many repeated eifVirts of invention, were required to produce. 

I will take a brief and summary view of one of these Hindoo 
treatises. The Lilavati treats of arithmetic, and contains 
not oulv the common rules of that science (there rex'koned 
eight), but the application of those rules to a variety of ques* 
tions on interest, barter, mixtures, combinations and permu- 
tations, indeterminate problems; and lastly, the mensuration 
of surfaces and solids. All this is done in verse ; and the 
language, even when it is the most technical, seems often to 
be highly figurative. The question is usually^ propounded 
with enigmatical conciseness; the rule for the corniiutation 
is next given in terms somewhat less obscure ; but it is not 
till the example which comes in the third place has been 
studied, that all ambiguity is removed, No demonstration 
nor reasoning, either analytical or sjmthetieal, is subjoined ; 
but on examination, the rules are not only found to be exact, 
but to be nearly as simple as they can be made, even in the 
present state of analytical investigation. The numerical re- 
sults are readily deduced ; and if we compare them with the 
earliest specimens of calculation that have come to us even 
from Greece itself, the advantages df the decimal notation, 
and the alogonthm arising from it, will be phieed in a striking 
light. 

But the peculiar character of the book, and of the Oriental 
style w'hich often unites so ill with the severity of arithme- 
tical (;omputHtion, will be best understood by an extract or 
tw^o from the work itself. It begins thus : 

“ Having bowed to the Deity, whose liead is like an ele- 
phant’s, whose feet are adored by gods ; who w^hen called to 
mind, restores his votaries from embarrassment, and bestows 
happiness upon his worshippers j I propound this easy pro- 
cess of computation, delightful by its elegance, perspicuous 
with words concise, soft and correct, and pleasant to the 
learned. ” 

From this lofty and pious exordium, the author imme- 
diately descends to the common business of calculation, and 
enters on the explanation of such terms as are naturally 
placed at the bemnning of a book of practi:**!! arithmetic, 
viz. the names of numbers, tables of coins, weights, mea- 
sures, &c. In the table of measures he makes the same 
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attempt to fix on a natural standard of linear extent that was 
anciently made in our own country. Eight breadths of a 
barlijy-porn are said to make a finger or an inch; and it is 
added in the commentary of Oanesa, that the length of 
three grains of rice is held to be equal to the breadth*of eight 
grains of barley. Much refinementi indeed, was not neces- 
sary to perceive the value^ of a standard which the highest 
imj)roveinents, both in urt and in science have been found 
necessary to construct. The definitions are given in the 
form of an introduction, and are followed by an invocation : 

Salutation to Ganesa, resplendent as a blue and spotless 
lotus, and delighting in the tremulous motion of the dark 
sorj>ent, which is continually twining within his throat.” The 
rules of arithmetic are then delivered in verse, and addi'essed 
to Lilavatif a young and charming female, who apjiears to 
he receiving the instructions <d* the author, and to whom tlie 
examples of the rules are usually proposed as questions to 
be resolved. 'I'he rules explained as elemental^ are, addi- 
tion, subtraction, multiplication, division, squaring of num- 
bers, cubing of numbers, extraction^of the square root, ex- 
traction of the cube root. 

In the beginning of a new chapter, the third, an operation 
IS treated of, winch is called inversion; and nothing can be 
niort^ unlike the scientific language of .Europe, tlian the 
terms in which this rule is delivered. 

“ To investigate a quantity, one being given, make the 
divisor a multiplier, and the multiplier a divisor; the square 
a root, and the root a square : turn the negative into jiosi- 
tive, and the positive into negative. If a quantity was di- 
minished by its own proportional part, let the denominator, 
being increased or dimiushed by its numerator, become the 
<lenc>uiinator, and the numerator remain unchanged, and then 
j)r()coed with the other operations of inversion, as above 
directed.” 

From all that is here said, one can hardly guess either at 
wdiat is required, or what is directed to be done. We learn 
something more precise, however, from the question that the 
instru<!tor puts to liis fair pupil. 

“ Pretty gii-l with tremulous eyes, if thou know the correct 
method of inversions tell me what is the number which mul- 
tiplied by 3, and added to three quarters of the product, and 
divided by 7, and reduced by subtraction of a third part of 
the quotient, ai^l then multiplied into itself, and having 5- 
subtracted from the product, and the square root of the 
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remoinder extracted^ and 8 added> and the sum divided by 
10, yields 2?’^ 

Tbe numercial statement is next given, but not with much 
precision; and it is -added, that by apphing tlic rule, 28 will 
M found to be the nun^r sought, ** This,” says Mr. Cole- 
broohe, ** is true; and if we put the question into an equa- 
tion, according to the preceding enunciation, we shall hnd 
a pure quadmtic, from which the number sought comes out 
equal to 28 : the steps of the calculation being nearly the 
same that are enjoined in the preceding rule. Thus : 

If X be the unknown quantity, then 3a? -h 
and this divided by 7» is Now 


square of this last, 


jp 

4" 


a? 

2 


4 ' 
Tlui 


52)i + 8 


X 

minus 52, js -j— — 62, and therefore — 2, or 

( ^ _ 62) 4 = 12. WhMice,-|^ —62 = 14-1, 


£ = 14, and « = 28. 

4 

But not to dwell longer upon this part of the subject, and 
to terminate what may be considered a digression and a de- 
parture from strict method, though a pardonable one, I ob- 
sen'C that it is well known, that in whatever age or country 
algebra was first invented, both the name and the scieiu^t* 
was first made known to us, about tlie end of the eleventh 
century, by the Arabians, or Moors, who were settled in JSpain. 
Algebra was Introduced into Italy by Leonaxdus Bonacci, 
commonly called Leonard of Pisa, an Italian merchant, ui 
the beginning of the thirteenth century: and Mr. Colebrooke 
has some deeply interesting notes, in the wwk from wdiicli 
I have already quoted, upon itp progress, w hich he traces wdth 
great skill, and the powerful aid of a combination of scientific 
and literary information of an extraordinary descrijitiori. 
After this many manuscript treatises appeared in Italy; but 
the first printed w^orks on this subject are those of Lucas 
Pacciolus, or Lucas de Burgos, in the years 1470, 1481, and 
1494: hitherto the science had advanced no further than 
quadratic equations; the passfjge, indeed, to the higher 
orders was a matter of considerable difficult^. It w as, how - 
ever, by subsequent mathematicians advanced to the solu- 
tion of, cubic equations in the year 1505. But it is chiefiy 
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to the celebrated Vieta, whose algebraic works were written 
about the year 1600, though not printed till after his death, 
which happened in 1 603, that we are indebted for having 
first generalized the algorithm of the science, and enriched ^it, 
far beyond what his predecessors had done, by mkny new 
discoveries. Stifelius, ab^ut 1500, first introduced the capital 
letters for unlcnown quaitlities; but Vieta employed the same 
letters to denote all quantities, whether known or unknown* 
To Vieta we are likewise indebted for the method of extract- 
ing the roots of equations by approximation, which has been 
since greatly improved by Bapson, Halley, Maclaurin, Simp- 
son, and others. 

Next after Vieta, may be mentioned Albert Girard, an in- 
genious mathematician of the low countries* Amon^ the 
most distinguished analysts of this period may be reckoned 
our coiintiy^man, the celebrated Haniot, wbo, in his 'Artis 
Aiialytica; Praxis, published by his friend Waltejr Warner, 
first introduced the use of the small letters, «, i, c, &c. of 
tli(^ al])habet, using the consonants for known, and the vowels 
for unknowm quantiti^'s. He likewise farther shewed how 
the higher orders of equations may be produced by the con- 
tinued multiplication ol those of the first. 

The elements of the art. w^cre compiled and published by 
Viersey in 1671, in which specious arithmetic and the nature 
of equations are largely explained and illustrated by a variety 
of examples. Sir Isaac Newton's Arithmetica Universalis 
was published in 1707, which abounds with useful and im- 
))ortatit instruction ; and since his time we have had a great 
number of excellent treatises on the subject, from almost 
any of which the science maj’^ with very little difficulty be 
learned. The elementary works most useful for beginners 
arc those of Clairant, Lacroix, Maclaurin, Simpson, Emerson, 
Wood, Bonnycastle, and Nicholson. 


LESSON THE FIRST. 

1 . Algebra is a method of performing the calcula- 
tions of all sorts of quantities by means of general signs 
or characters. 

Illi/stratiqn.— At first, numbers and things were 
expressed by their names at full length, but afterwards 
these were abridged, and the initials of the words were 
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used instead of them ; then the letters of the alphabet 
came to be employed as general representatives of all 
kinds of quantities. 

2. Algebra has been called Specious Arithmetic,** 
on account of the species or letters of the alphabet 
used ; and it is denominated by Sir Isaac Newton, 

Universal Arithmetic,** from the manner in wdiich it 
performs all arithmetical operations by ^neral signs. 

Illustration . — Every figure or arithmetical cha- 
racter has a determinate and individual value, thus the 
figures 5, 7, 9, &c, always represent the same numbers : 
but algebraical characters are general and independent 
of any particular signification. 

3. In algebra some quantities are assumed as known, 
and others as unknown; the known quantities are usually 
represented by the early letters of the alphabet, and 
the unknown ones by the final letters. 

Example.-— a, c, d, e, &c. are commonly put for 
known quantities, and y, 2 , &c, for the unknown 
and indeterminate quantities: thus if « -f x = 12, and 
it is known that a is equal 5, then it Ls found that x = 7. 

4. The signs +, — , x, -f , =, arc used in algebra 
as in arithmetic. 

Examples . — a + b signifies that a and b are added 
together; x — y shews that y is< to be subtracted from 
x: a X b X c shews that the quantities represented by 
a, b, c, are to be multiplied together, and a X 6 x c 
signifies the same dis a b c; a + 6 shews that a is to be 

divided by b, the same is represented by -2. 

5. a®, r/, a*; x®, x\ are the squares, #td the third 
and fourth powers of a and x. 

6. The mark V or is the sign of the square root, 
and with a small 3, 4, 5, &c, before it, the roots of the 
tliird, fourth, and fifth powers are denoted. 

3 

Examples. — x is the square root of x; ^x is the 

i 5^ gt 

cube root of x : V a: are the roots of the fourth 

and fifth powers. 
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7. Like quantities are those which consist of the 
same letters or powers ; thus 3a, 5a, a, are like quan- 

^ titles; so are 4 a^b, 2 a^h, a^b, 

8. Unlike quantities are those which consist of dif- 
ferent letters or powers : thus a and tc are unlike quan- 
tities : so also are a and : 4 a and 4 a*: 5ah, 5 a c, 

9. Like signs are either all positive + or all nega- 
tive — : and unlike signs are w lien some are positive, 
and some negative, 

] 0. Co-efficients are such numbers as are put before 
letters, or quantities, into which letters or quantities 
they are supposed to be multiplied : thus in the quantity 
5 a x, 5 is the co-efficient which is supposed to be mul- 
tiplied into a X, 

QUESTIONS EOR EXAMINATION. 

1. What is algebra? 

Give the illustration. 

2. How has algebra been denoroinateU, and why? 

What is the illustration ? 

4. What is meant by known and unknown quantities, and how 
arti they represented * 

What is the example ? 

4. tv hat aie the signs used in algebra ^ ^ 

Give the examples. * 

5. How are the squares and other higher powers of u and .i 
represented ? 

6. How are the square and other roots of quantities repre- 
sented ’ 

Write down the examples. 

7. What are like quantities? 

8. What are unlike quantities? 

9. What are like or unlike signs ? 

10. What is meant by co-efficients? 


LESSON THE SECOND. 

1. The hindamental operations in algebra are per- 
formed by addition, subtraction, multiplication, and 
division. 
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2. In additipn there are three distinct cases, viz, to 
add terms that are like and have like signs : — to add 
terms that are like and have unlike signs:— to $dd 
terms that are unlike, 

3 . To add tenns that are like and have like signs: 
“Add together the oo-efficients, to their sum prefix 
the common sign, and subjoin the common letter or 
letters,” 

Example. — 4 abc 3/>-h2c — 4 d 

8 abc b + 6 € — 3d 

abc 9 6 4- c — 5 d 


13 abc 13^ + 9c— 12d 


Illustration. — When there is no sign before a quan- 
tity, as in the first example, 4 is understood: when 
there is no co-efficient unit is understood, therefore in 
adding the first example we say 1 and 8 and 4 = 13. 

4. To add terms that are like, but have unlike signs, 
“ Subtract the lesser co-efficient from the greater, and 
prefix the sign of the greater to the remainder, and 
subjoin the common letter or letters.” 

Examples. — 5 x — 7a,’^ — 4«z: 

-f6ar 44 a’ y 49^2 

— 5 a z 


4 X — 3 X y 


Illustration. — In the first example we take the 5 x 
from the 6 x, and 1 a: is the remainder, but the co-effi- 
cient 1 is understood and never expressed : in the se- 
* cond example we take f 4 from — 7, and the re- 
mainder is — 3 : in the third example we have 4 9, 
and (when the 4 and 5 are added) — 9, which destroy 
one another, and the answer is 0. 

5. To add terms that are unlike, “ Set them all down 
one after another, with their signs and co-efficients 
prefixed: thus 2649x — 7 z — 6 a:®.” 

6. ' To subtract quantities; “ Change' the sign of the 
quantity to be subtracted into the contrary sign, and 
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then add it, so changed, to the quantity from which it 
was to be subtracted.” 

Ex. +5 a? -l-8z +6ui!> — lOac^ 

+ 2 X — 4 z 4- 4 a h 4‘ 5 x y — 9 


+ 3x +12z +2a6 — I5a:y+9 


7. In multiplication, when the signs of the two terms 
to be multiplied are like, the sign of the product is +, 
but when they are unlike, the sign of the product is — . 

8. To multiply two terms into one another, Find 
the sign of the product: after it place the product of 
the numeral co-efficients, and set down the letters one 
after another.” 

Ex. 4 a X 5 b = 2(y a b. 

— 8 a X — 9xy 12 axy, 

4r 5 b c 'X — 4 0(1 z=z — 20 a b c d, 

9. To multiply compound quantities, “ Multiply every 
term of the multiplicand by all the terms of the mul- 
tiplier, one after another, and then collect the products 
into one sum.” 

Examples. — Multiply a + 6 by a — 6, and a 4r b — x 
by a — b. • . 

a + b a + b — X 

a — b a — b 


O’ 4r ah 

-ab-b^ 


4r ah-- ax 
— ah — h^ •¥ h X 


* -b^ 


a®* —ax — b^ + bx 


Explan^ition , — In the first example + and — a b 
destroy one another; and the answer is u® — sup- 
pose a ==: 4, and 6 = 3, then in figures it will be 7 X 1 
= 7, which is equal 4® — 3* = 16 — 9 = 7; or sup- 
pose tt =: 9 and 6 = 5, then a® — 6® = 81 — 25 = 56 
= 14 X 4. In the second example + ah and — ab 
destroy one ariother, and the other quantities being un- 
like, they must be set one after another. Suppose 
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a ss 6, 6 =s£ 4, and x 2, then 0 + 5 *— s= 8 and 
a — d = 2, consequently 8 X 2 == a® — ax — b'^ + bx 

36-- 12 — 164-8 = 16. 

10. Division is the converse of multiplication. When 
the divisor and dividend are both simple quantities, 
“ Set the terms down as in the division of numbers, 
either the divisor before tlie dividend, or below it like 
a fraction, then abbreviate these terms as much as 
possible, by cancelling all the letters common to both, 
and dividing one co-edicient by the other. 

Ex, — Divide 15 a x by 5 n, and a b x y by 7 a b, 

5 a) 15 ax 28abxy . 

— L — . ■ . . =a 4 X y answer. 

Answer 3 x 7 ab 

11. When the dividend is a compound quantity, 
“ Divide every term of the dividend by the divisor.'’ 

Ex.— Divide 25axb-b30axz — 5 ax y^hy 5 ax. 

25 axb-i" 30 axz — 5axy* *-11 r? 

... — ^ ^ =3= 5 0 4 - 6 z — y. 

Sax 

12. When the divisor and dividend are both com- 
pound quantities, ** Set them down as in division of 
numbers; divide the first term of tlie dividend by the 
first term of the divisor, and place the result in the 
quotient: then multiply the whole divisor by the term 
thus found, and subtract the result from the dividend : 
bring down the other terms, and proceed as before. 

ESLample.— Divide a^4“4a®64-6a6-h4a63-f5* 
by a 4- 6, 

, , V r/ 4- 4 a” 5 + 6 a* 6* 4 - 4 a 5* + a® 4- 3 a® 4- 

• + 3 a- i + 6 a’ 

3 a’ 6 4- 3 a’ 6* 

«■ + 3 + 4 a 6’ 

+ 3 a* + 3 a S’ 


« 6 > + 6 * 
a¥ ^ bi 
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13. An equation k a proposition asserting the equality 
of two quantities, which is expressed by placing the 
sign between them; thus 36d. ss: 3s. 

14. A simple equation is that whicli contains only 

one power of the unknown quantity; thus a + « 

is a simple equation. 

Example. — (1 .) Suppo^ a: + y sk 12 and a: — * y = B, 
to find the value of x and y. 

a? + y =4 12 
xz 8 


2x =20 

X = 10 

y = 2 

Having two unknown quantities I 
must get rid of one of them by addition or subtraction : 
I get rid of the y by addition, and find that 2 x = 20 
of course x = 10, but x 4“ y = 12, ^therefore y must be 
equal to 2. 

(2.) What two numbers are those whose sum 45 and 
difference 9, make x and y the unknown numbers thei.. 
X + 2/ = 45 
x — y = 9 


2 X =54 
X =27 
y =18 

QUESTIONS FOR EXAMINATION. 

1. How are the iundamental operations in algebra performed? 

2. How many coses^are there in addition, and what are they? 

3. What is the rule in addition when the terms are like, and 
have like signs ? 

Work the examples. 

How is the operation illustrated ? 

4* What is the rule when the terms are like, but have unlike 
signs ? 

Work the examples. 

How is the opA-atiou illustrated ? 

5. How do you add terms that are unlike? 
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.6. Wbat is the rule for subtraction ? 

Work the examples. 

7. What is the rule respecting the signs in multiplication ? 

8. How do you multiply two terms into one another f. 

Work the examples. 

9. How do you multiply compound quantities ? 

Work the examples. 

Give tlie explanation. 

10. What is division, and what is the rule when the divisor 
and dividend are simple quantities ? 

Work the examples. 

11. What is the rule when the dividend is a compound quantity ? 
Work the examples. 

ISf. What is the rule when the divisor, and dividend are both 
compound quantities ? 

Work the example. 

13. What is an equation ? ^ 

14. What is a simp)b equation ? 

Work the first example and give the explanation. 

Work the second example. 


GEOMETRY. 

ON MATHEMATIC#. 

“ If a man’s wits be wandering let him study mathematics ; for m 
demonstrations, if his wit be called away never so little, be must begin 
again.”— Bacon. 

The term mathematics is derived from a Greek word which 
primarily signifies any discipline or learning. It came in 
course of time to be limited to one particular description of 
learning; much in the same manner, and for a similar reason, 
as the Bnghsh term learning, has been appropriated to clas- 
sical knowledge, or the study and acquisition of the dead 
languages; and it at present denotes that science which teadies 
or contemplates whatever is capable of being numbered or 
measured, in so far as computable or measurcable; and ac- 
cordix^y is subdivided into arithmetic, which has number for 
its object, and geometry, which treats of magnitude. 

It is not possible,” says an eloquent writer in the London 
Bncydopsedia,” that a single word should be descriptive of 



any complex object preteixli^d mind^ whether that ob- 

ject exist in nature md^enden% of the mind, or be merely 
one of its own inventions. Hence the term mathematics 
cannot be taken as a definitiem, nor can the definitions whi^ 
have been attempted for it be redded as any thing more 
than approximations to accurate inmeations* If, for example, 
we say mathematics is tliat science which contemplates w^t- 
ever is capable of being numbered or measured, or that it is 
, the science of quantity, or a science that considers magni- 
tudes, either as computable or measureable, all these and 
similar attempts at definition, are essentially faulty, because 
they are riot sufficiently detote and comprehensive. It 
would perliaps be a nearer approach to accuracy of definitkm> 
or rather inffieation to say, mathematics is the art of computa* 
tion and measurement. But this also is defective. The term 
ait, however, is rather more appropriate than the term science; 
though neither the one nor the other is sufficient of itself for 
the purpose; for both art and science are necessarily in- 
cluded. Mathematics is neither an art nor a science, but tlie 
union of both. We are accustomed to^hear of mathematical 
sciences, knowledge, and learning; we never hear, however, 
of mathematical art; and the expression no doubt seems 
strange. But this very circumstance proves the importance 
of our attempt to awaken attention to what may in itself 
seem of no consequence. We are the unconscious slaves of 
habit or custom; and the established usage of langu^ is 
one of tlie last species of bondage, which even a philosophic 
understanding coinplefely shakes 

Mathematics arc commonly distinguished into pure and 
speculative, which consider quantity abstractedly; and mixed, 
which treat of magnitude as subsisting in material bodies, and 
consequently are interwoven everywhere with physical con- 
siderations. Mixed mathematics are very comprehensive, 
since to them may be referred astronomy, optics, geography, 
hydrography, hy^ostatics, mechanics, fortification, naviga- 
tion, &c. &c. 

Pure mathematics have one peculiar and distinguishing 
advantage, tliat they occasion no disputes among wrangling 
disputants, os in other branches of knowledge ; and the reason 
is, because the definitions of the terms are premised, and 
every body that reads a proposition has the same idea of 
every port of it. Hence it is easy to put an end to all ma- 
thematical controversies, by shewing either that our adver- 
sary lias not stuck to his definitions, or has not laid down 
true premises; or else that he has drawn false oonclusions 




froiiti tru^ principles *, and in we are able to do neither 
J of these, we must acknowledge truth of what he has 
proved. 

It is true that in mixed matheniaties when we reason ma- 
thematically upon physical subjects, we cannot ^ve such just 
definitions as the geometricians; we mii^ therefore rest con- 
tent with descriptions, and they will be of the same use as 
definitions, pro\ided we are consistent with ourselves, and 
always mean the same thing by those terms we have once 
explained. 

The term geometry literally and primarily signifies med- 
suring of the earth, as it was the necessity of measuring the 
land that first gave occasion to contemplate the principles and 
rules of this art, which has since been extended to number- 
less other speculations ; insomuch, that together with arith- 
metic, geometiy, as I have already observed, forms now the 
chief foundation of all mathematics. 

Herodotus ascribes the invention of geometry to the Egv])- 
tians, and asserts that the annual inundations of the Nile 
gave occasion to it; for those waters bearing away the bouuiJs 
and landmarks of estates and farms, covering the f«co of tlie 
ground uniformly with mud, the people, be says, were obliged 
every year to distinguish and lay out tlicir laiuis hy the con- 
sideration of their figure and quantity, and thus by expe- 
rience and habit they formed a method or ait wliich was the 
origin of geometry. A further contemplation (if tln\ draughts 
of 'figures of fields, thus laid down and plotted in pro{*ortion, 
might naturally lead them to the diacm^ery of some of their 
excellent and wonderfiU properties; which speculation con- 
tinually improving, the art coutinually gained ground* and 
made advances more and more towards perfection. 


LESSON THE FIRST. 

1. Geometry is the science of local extension, as of 
lines, surfaces, and solids, with that of ratios. 

2. The term geometry literally signifies measuring the 
earth, to which it was nrst applicable; but it has long 
since been regarded as the foundation of all mathematical 
knowledge. 

3. The invention of geometry was occasioned by the 
inundations of the Nile, which eveiy year washed away 
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the boundaries of lands, covered their surface with mud, 
and obliged the proprietors to lay new ciaiii&, ]^y the 
consideration of the figure and extent of their property, 

4. Geometry is distinguished into theoretical and 

practical. • 

5. Theoretical or speculative geometry treats of the 
various properties and relations in magnitudes, demon- 
strating theorems, &c. 

6. Practical geometry is that which applies those 
s}>erulations to the uses of life in lire solution of pro- 
blems. 

7. Elementary geometry is that which is employed 
in the consideration of right lines and plane surfaces, 
wilh the' solids generated from them. 

8. (xcometry depends wholly on definitions and 
axioms. 

9. The, definitions in geometry are clear, plain, and 
universal, such as 

“ A point Inus neither pju*ts nor magnitude/* 

“ A line is length without breadth or thickness/’ 

A surface has length and breadth only.” 

A solid is any thing that has length, breadth, and thick- 
ness/' 

“ An IS an opeuiug or inchnation of two hues^meet- 

ing 111 paint/’ 

If oTui line standing on another, makes the angles on 
both sides equal, Ihosc angles are right angles, and the line 
staiuhiig on the other is a perpendicular to that on which it 
stands.” 

A triuTigle is a plain figwe, bounded by three lines or 
sides/’ 

** A circle is a plain figure bounded by a curve line, called 
the cireiuuferenee, every part of ^Yhich is equally distant from 
a point within, called the centn*/’ &c. &c. 

10. An axiom is a manifest truth not requiring any 
demonstration : as the following 

Examples. — Tilings equal to the same thing are equal to 
one another.” “ The whole is greater than any of its jiarts, 
and eqmil to all its parts.” ** Magnitudes which coincide with 
one another, or which exactly fill the same space, are equal to 
one aiiotlier.” ‘Mf equal things are taken from equal things, 
the remainders arc equal.” &c. 

I 
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amuXTBY* ; 

^ QVMSnOVrH rou E?X;AJMtIirATlOK. 

I* What is geomatry ? 

5, From whence was the teirm derived ? 

Whet was the occasion of the invention of geometry ? 
4. How is geometry distinguished ? 

6* What is meant by theoretical geometry ? 

6, What is the practical geometry? 

T". What IS meant by elementary geometry ? 

8. On what does geometry depend ? 

9. How are the defmitiona in geometry characterised ? 
How is a point defined ? 

What is the definition of a line ? 

What is a surface 1 
What is a solid 1 
What is a triangle ? 

How is a circle defined ? 

10. What is an axiom? 

Give the examples of axioms. 


LESSON THE SECOND. 

1, Postulates are things required to be granted as 
tme, or possible, before wc proceed to demonstrate a 
propositiou. 

Examples. — “ Let it be granted that a straight line may be 
drawn from any one point to any other point.” " Or that a 
straight line may be produced to any length.” “ Or that a 
circle may be described from any centre.” 

2, A proposition is when sometiiing is proposed either 
to be done, or to be demonstrated, and is either a pro- 
blem or a theorem. 

3, A problem is something proposed to be done. 

Example 1 . To divide a given line A B fig. 3. mto two 

equal ports. 
c 

V 

fig. 3. From the points A and B os centres, and 
with any opening of the compasses greater 
. - . H than half A B, describe arcs cutting each 

other in c and d, and draw the line c d, and 
the point E w’here the Ine c d ; cuts AB is 
the middle point required. 
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Ex. 2. — ^To raise a perpfawiicular to a given line, C D, at A. 

. ^ . Take any two equal distances A b. Ad, 

and from the points b and d with any 
opening of the compasses greater than 
b A, describe the arcs cutting each other 
_ X>. in c, and draw the line A c, which is 
h Ad perpeudicnlar to C D. 

Example 3. — ^To bisect the angle B, or to divide it into two 
equal angles. Fig. 5. 


From the point B, with any radius, describe the 
arc A C, and from the points A and C; with the 
\ same radius, describe the arcs cutting one another 
" ' C at b, and draw 6 B, which will bisect the angle 


l\ 


ABC. 
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Example 4. — ^To describe an equilateral triangle, ABC, that 
is a triangle whose three sides arc equijj to a given line. Fig. 6. 
Fig. G. 

Ijet A B be the given line : from the points 
A and Bi with an opening of the compasses 
equal to A B, describe the arcs cutting each 
other in and from the point of intersection 
^ draw A C, and C B, and thing is done. 

Example 5. — Todescrihe a triangle whose sides shall be equal 
to three given lines, fig. 7* Let the lines he A B C. 

Fg 7. ^‘C ^ 

Take B the base A B, then from A, 
witl) an opening of the compassses equal to 
C, and from B with an opening of the com- 
passes equal to A, describe the arcs cutting 
one another m C ; draw the lines C A and 
C B, and the thing is done. 



Example 6. — ^Throi^h a given point C to draw a line parallel 
to a given line, A D. Eig. 8. 

q Fig C Take any point p, in A D : 

^ ^ upQji p (Jig. 

\ tance p C, describe two arcs 
• \ Cran<lp9, cutting the line 

A t A J) in p and r . — Make pq 

]) ' c equal to Or, and through 

the points q and C draw' a line which will be parallel to A 1). 
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Ex. 7 r-^To d«8cnl^ a square on a given line, A B. Fig. 9. 
c Fig.^. D 


j Raise a perpendicular at each end of the line 
} A B equal to its length, and draw C D, and the 
I thing is done. 

I 

■i 


Example 8. — ^To find the centre C of any circle. Fig. 10. 



Draw a chord, A B, at pleasure, bisect it in d, 
With the diameter I) E, which diameter being bi- 
sected give C as the centre. 

Fig. 10. 


A 


E 

Exom^e 9. — To inscribe a square in a given circle. Fig. 1 1 . 



Draw the diameter A B, and through C 
draw 1> E perpendicular to A B, and join A 1), 
D B, B E, and E A, which will form a .square. 

Fig 11. 


Example 10. — In a given circle todescribe a regulai* polygon. 

Divide the circumference of the circle into us many equal 
parts as there are sides in the polygon, and join the points of 
division. 

4. A theorem is something proposerl to be demon- 
strated. 

5. A corollary is a Cv>nsequent tnith, deduced from 
some preceding troth or demonstration. 

[We shall give example or two of theorems.] 

It is found by mathematical demonstration, 

(1 .) That one line standing upon another makes with it two 
angles, equal to two right angles. 

(2.) That if one side of a triangle be produced, the external 
angle will be equal to both the internal and opposite angles. 

(i>.) That the three angles in eveiy plane triangle are equal 
to two right angles. 

These, with the method of bisecting an angle [See p. 171] 
may be considered as introductory to the famous theorem, 
commonly knovni as the '*pons assinoruni,” or asses* bridge, 
so denominated from its difficulty in the common Elements 
of Euclid : this is. 
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(4.) The angles at the base of an isosceles triangle, ABC, 
(that is, of a triangle whose two legs' A B and B C are equal) 
are equal to each other. Fig. 12. 

B 



E 


Fig. 12. 


Demonstration. — Bisect the angle ABC 
by the line B D, then the triangle A B D and 
B D C having the side A B = B C, B D 
common and the angle A B D = C B D, 
will also have the angle A equal to the 
angle C. For if the tnangle BCD were 
to turn on B D as on a hinge, it would 
he found that it exactly coincided with 
the tnangle A B D in all its parts. 


The corollaries to this theorem arc: (1.) That the line 
w hich bisects the vertical angle of an isosceles triangle, bisects 
the bas(‘, anil is peiqjendicular to it. (2.) That every equi- 
lateral triangle is likewise equiangular. (3.) If the sides of 
im isosceles triangle be y)roduced to E and F, the angles under 
the base are equal, that is, E A D — F C D : because the line 
D A falling upon B E makes two angles, 

B A D -j- E A D two right angles. 

B C I) -f F C D = two right angles for the same reason. 
Taking away therefore B A D = B C L), and the remainders 
E A I) and F C D are equal. 



(5.) In any right* an- 
gled triangle, A B C, the 
squares upon the sides 
A B and B C, fig. 13. 
taken together, are equal 
to the square on the hy- 
pothenuse A C. This is 
called the Pythagorean 
theorem, because Pytha- 
goras is said to have of- 
fered to the gods 100 
oxen ns a sacrifice, in 
gratitude for the dis- 
covery. 


The geometrksfel proof of this theorem is too difficult for a 
work of this kind, w^e shall therefore substitute an aritlirneti- 
cal solution : suppose the side AC = 5, BC == 4, AB == 3, 
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then 5* = 4* + 3®, or 25 = 16 + .9, and ao it is shcvm in the 
adjoining^ figure. ^ 

Corollary, lienee the square upon either of the sides A B, 
or B C, including tlie right angle, is eqtial to the difference of 
the sqifaies of the hypotlicnuse and the other side ; or equal 
to a rectangle, contained under the sum and difference of the 
hvtKithenusc and the other side : thus 
^ 4a = or 16 === 26 — 9 

4® = 5x3x6 — 3 = 8X2^-16. 

6. Upon geometjy depend the sciences of trigono- 
metry, mensuration, &c. 


QUESTIONS Foil EXAMINATION. 

1 . What are postulates ? ' 

Give the examples. 

58. What is ay proposition ? 

3 . What ia a problem? 

How do you divide a given line into two equal parts ? 

How do you erect a perpendieular on a given hue. 

In what manner do you bisect a given angle ? 

How do you describe an equilaterni triangle ? 

How do you describe a triangle whose sides shall be equal to 
three given lines ? 

How do you draw a line parallel to a given line ? 

How do you describe a square on a given right line? 

How do you find the centre of a circle t 
How do you inscribe a square in a circle ? 

How do you inscribe a regular polygon in a circle f 

4. What is a theorem ? 

5 . What is a corollary? 

What is proved respecting one line standing upon another ? 
What is the externcl angle, made by producing one side, 
equal to ? 

W'hat are the three angles in a triangle equal to ? 

What does the pons-aasinorum prove ? 

How is it demonstrated ? 

What are the corollaries deduced from it > 

What is tlie Pythagorean theorem ? 

Give die arithmeticul proof. 

What is the corollary deduced from it? 
d. What sciences depend on geometry ? 



ON THE 


MATHEMATICAL ARTS AND SCIENCES. 

TRIGONOMETRY, MENSURATION, CONIC SECTIONS. 

It must T>e remembered thai mathematical science, learning, art, or 
whatever we choose to call it, is wholly of human creation or inven- 
tion, as much as a rule, compass, quadrant* or any philosophical in- 
strument, apparatus, or method whatever. It has no prototype in 
nature: it is merely a philosophical contrivance fur the purpose of 
better understanding and interpreting nature, or of becoming more ac- 
curately and intimately acquainted with her .*' — London BncyHop^dia. 

Trigonometry, or the art or staence of measuring angles 
or sides of triangles, or the solution of triangles, is founded 
on the mutual proportions which subsist between the sides 
and angles of triangles; which proportions are known by 
finding the relations between the ladius of a circle, and cer- 
tain other lines drawm in and about the circle, called chords, 
sines, tangents, and secants. The m^ner th^ are continued 
the pupil ivill understand, if he consults the ngure 14. The 
proportion of the sines, tangents, &c. to their radius, is 
sometimes expressed in common numbers, and then called 
natural sines, tangents, and sm^nts; sometimes in logarithms, 
and then called artificial sines, &c.; and sometimes actudly 
laid do^vn upon a scale, by which and a pair of compasses 
any problem in trigonometry can be wrought; though not by 
any means so correct, as logarithms, w^hich are arranged 
on tables for use, and wduchplan I recommend above ail 
others to the student as most correct : and with this brief 
notice of Trigonometry I will at once refer him to the lessons. 

Of Mensuration, a much more extended description 
must be given, and first:— ^tbe term in general denotes the 
act or ai-t of measuring lines, supertices, and solids; and it is, 
next to ai'ithmetic, a subject of the greatest use and import- 
ance, both in affairs that are absolutely necessary in human 
life, and in every branch of mathematics ; a subjO/Ct by which 
sciences are established, and commerce is conducted; by 
w'hose aid we manage our businesis and inform oui'selves of 
the wonderful operations in nature ; by which we measure 
the lieavens and the earth, estimate the capacities of idl vesseTs 
and the bulk of aU bodies, guage our liquours, build edifices, 
measure our lands and the works of artificers, buy and sell 
an infinite vaiicty of things necessary in life, and are sup- 
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plied with the ineaus of making the calculations which arc 
necessary for the coustnictiou ot all machines. 

It is evident that the close connection of this subject with 
the affairs of men would very early evince its impiirtance to 
them ; and accordingly the greatest among them have paid 
the utmost attention to it ; and the chid' jind must essential 
discoveries in geometry in oil ages have been made in con- 
setpienctj of their efforts in this subject. Socrates thought 
that the prime use of geometry was to measure the ground, 
and, indeed, os we have in the ineceiling lessons seen, tliis 
business gave name to the subject ; and ino-st of the aucieiits 
seem to have had no other end besides mensuration in view’ 
in all their geometrical disquisitions. Euchd’s Elements are 
almost entirely devoted to it; and although there are con- 
tained in tliem many properties of geometrfcal ligures which 
may be applied to other purposes, anti, indeed, of wliieh the 
moderns nave made the most material uses in various disqui- 
sitions of exceedingly different kinds, notwithstanding tliis, 
Euclid himself seems to have adapted them entirely to this 
purpose ; for, if it is considered that his Elements contain a 
continued chain of reasonmg and of truths, of wliicli the 
former are successively applied to the discovery of the latter : 
one proposition dependiug on anotlier, and the succeeding 
propositions still approximating towards some particular ob- 
ject, near the encl of each book. And when at last we find 
that object to be the quality, profiortion, or relation, between 
*the magnitudes of figures lioth plane and solid, it is scarcely 
possible to avoid allowing this to have been EucUtrs grand 
object. Accordingly he determined the chief i>ropcrtics in 
the mensuration of rectilineal plane and solid figurOvS ; and 
squared all such plane.s, and cubed all such solids. The 
only curve figures wliich he aitempteil besides, are the circle 
and sphere; and when he could not accurately determine 
their measures, he gave an excellent method of ajiproxima- 
ting to them, by showing bow’ in a cii-cle to inscribe regular 
polygon which should not touch another cir(;le, concentric 
with the former, altlioi^h their circumferences should be 
ever so near together. But although he could not square 
the circle, nor cube the sphere, he determined the proportion 
of one circle to another, and of one sphere to another, as 
well as the projiortions of all rectilineal and similar figures 
to one another, 

Archimedes took up mensuration wdierc Euclid left it. 
He was the first who squared a curvUiiieol sjiace. In his 
time the conic sections were admitted in geometry^ and he 
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applied himself closely to the measurix^ of them^ as well as 
other figures. AccJordingly he determined the relations of 
spheres, spheriods, and coniods, to cylinders and cones; and 
the relations of parabolas to rectilineal planes, whose qua- 
dratures had long befoi-e besen determined by Euclid. He 
has left us also his attempts upon the circle ; he proved that 
a circle is equal to a right-angled triangle, whos<i base is 
equal to the circumference, and its altitude equal to the 
radius ; and consequently that its area is found by drawing 
the radius into half tfie circumference; and so reduced the 
quadrature of the chcle to the determination of the ratio of 
the diameter to the curcumference ; but which, however, has 
not yet been foimd. 

Tlirougliout the whole of tiie w'orks of this great man, 
which are chiefly on mensuration, he every where discovers 
the dt ejiest ilesign, and displays the finest invention; and 
seems to liavc been, with Euclid, exceedingly careful of ad- 
mitting into Ins demonstrations nothing but principles- per- 
fectl}^ gcoinetncyil and unoxee]itionable ; and although his 
most general method of demonstratmg the relations of curved 
figures to straight ones, is by inscribing polygons in them, 
\ et to determine those relations, he does not increase the 
number and dimimsh the magnitude of the sides ad-mfinitum : 
but for this plain fundamental principle, allowed in Euclid^s 
Elements, vut. that any quantity may he so often multiplied, 
or added to itself, as that the result shall exceed any pro- 
posed finite quantity of the same kind, he proves •that to 
deny liis figures to have the proposed relations, would in- 
volve an absurdity. 

Several other eminent men among the ancients wTote upon 
thiif subject, both before and after Euclid and Areliimedes. 
Among these are to be reckoned Hippocrates, Plato, Apollo- 
nius, Philo, and Ptolemy; most of whom wrote of the qua- 
ilrature of tlic circle ; and those after Archimedes by bis 
method,'^ usually extended the approximation to a greater 
degree of accuracy. Many of the moderns have also prose- 
cuted the same problem of the quadrature of the circle, after 
the same methods, to greater lengths. 

Hence it appears, that all or most of the material improve- 
ments or iuvexitions in the principles or methods of treat- 
ing of geometry, have been made especially for the ini- 
])rovement of this chief part of it — mensuration; w^hich abun- 
dantly sbew's tlyi dignity of the subject : a subject%hich, as 
I)r. Barrow says, after mentioning some other tilings, de- 
serves to be more curiously weighed, because from hence a 
1 2 
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name is imposed upon that mother and mistress of the rest 
of the mathematical sciences, whicli is emjiloyed about mag- 
nitudes, and which is wont to be called Geomei ry, (a word 
taken from antient use, because it was first applied only to 
measuring the earth, and the limits of possessions) 

Plough the name seemed very ridiculous to Plato, w ho sub- 
stitutes in its place the more extensive name of Metrics, or 
Mensuration 5 and others after him give it the title of 
pantometry, because it teaches the methc^ of measuring all 
kinds of magnitudes*” 

Conic Sections, are the tigures fonned by cutting a 
coiio by a plane ; and, as the student will pcwjeive by the 
lessons, they are five in number, corresponding to the dif- 
ferent ])ositions of the cutting plane, and that the last three 
are particularly and peculiai*ly called <*onio sections. The 
more ancient geometricians admitted only the right cone into 
their geometry, and they supposed a section made of it by a 
plane perpendicular to one of its sides ; and as the vertical 
angle of a right cone may be either nght, acute, or obtuse, 
this method of cutting these several conos produced all tlit‘ 
three conic sections. 

There have been two methods urniploj'ed in treating ol\ the 
conic sections; by the one they are considered as cut out of 
the solid (xme, which is the method of the ancients, am I 
some of the most elegant writers of the moderns; and by 
the other method certain curves arc defined, cither from 
some jUxiperty by which any number of points may be found 
in them, or else by wjiieb they may be described inechani- 
cally upon a plane; or they we uctined by means of an 
algebraical equation; and in either case these (‘urves are 
shewn to have the very wsme projierties as those which arc 
formed by the intersections of a plane and cone. Each of 
these methods has its advantages ; although some of tlic <lc- 
monstration writers wiao have treated the subject geoinetri- 
cally by the latter be short and perspicuous, yet there arc 
others U])on which depend some of the j^rincipal properties, 
that are tedious and difficult. The <lemoustrations of writers 
who have pursued the first method, are free from this ob- 
jection, being generally plain and concise; hut they liavc 
been obliged to introduce so many previous propositions (Con- 
cerning the properties of lines touching ancl cutting conical 
surfaces^in order to arrive at the principal pro^>crties of the 
three sections, that it requires a considerable^ portion of time 
and resolution tor a begimier in mathematic^ studies to go 
through tliem. 
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The conic sections are of ^eat use in physical and geome- 
trical astronomy, as wcU as in the physico-mathematical 
sciences, and therefore they have been much cultivated ever 
since their great importance in these sciences has been known. 
The Abb4 Boscovicb has deduced the properties of the conic 
sections in a very elegant manner, from a property common 
to them all : and the same method has also been followed by 
the Rev. T. Newton, of Jesus College, Cambridge, in a vety 
neat treatise upon the subject. 


TRIGONOMETRY. 


LESSON THE FIRST. 

1. Trigonometry is the science which teaches how 
to measure the sides and angles of triangles ; it is either 
plane or spherical. 

2. Plane trigonometry treats 6T the analogies of plane 
triangles, and of the methods of determining their sides 
and angles. 

Illustration , — For the purpose of trigonometry it is not 
only re(juisite that the peripheries of circles, but also that 
certain right lines in and about a circle, should be divided into 
some assigned numlier of equal parts. These lines arfi denomi- 
nated sines, tangents, secants, &c. 

3. The sides of plane triangles may be estimated by 
inches, feet, yards, &c. or by abstract numbers; but the 
angles are measured by the arcs of a circle contained by 
tl)e two legs, liaviiig the angular point for its centre. 

4. Every circle is supposed to be divided into 3b0 
equal parts called degrees ; each degree into 60 equal 
parts, called minutes; and each minute into 60 equal 
parts, caDed seconds. Degrees, minutes, and seconds 
are marked at the tops of the figures by which the arc 
is denoted, thus 12® 2* 22" means twelve degrees, two 
minutes, and twenty-two seconds. 

5. An angle is said to be of as many degrees, mi- 
nutes, seconds, &c. as are contained in the ate or part 
of the circumference by which it is measured. 

6. A right angle is measured by the fourth part of 
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the circumference or 90®: an obtuse angle is greater 
than a right angle; and an acute angle is less than a 
right angle. 

7. The difference of an arc from 90® is called its 
complement; that is, in an arc or angle of 35®, the 
complement is 55®. AB, in figure 14, is the comple- 
ment of H B. 

8. The difference of an angle from 180^ is called its 
supplement : thus A B is the supplement of B D, the 
one being 55® and the other 125®. 

Fig. 14. G 



9. A chord or subtense of an arc is 
a right line drawn from one extremity 
of an arc to the other ; thus B E is 
the chord or subtense of the arc B A 
or B D £, 


10. The or right sine^ of an arc is a riglit line 
drawn from one extremity of the arc perpendicular to 
the diameter passing through the other extremity ; B F 
is the sine of the arc A B or B D. 

11. The versed sine of an arc is the part of the 
diameter interce])ted between the arc and its sine : A F 
IS the versed sine of A B, and D F of the arc D B, 

12. The CO- sine of an arc is the part of the diameter 
intercepted between the centre and the. sine, and is etpial 
to the sine of the complement of that arc; thus C F is 
the co-sine of the arc A B, and is equal to B I, which 
is the sine of its complement, 

] 3. Tlie ta'ngent of an arc is a right line touching 
the circle in one extremity of that arc, and continued 
from thence to meet a line drawn from the centre 
through the other extremity, which line is called the 
secant of the same arc : thus A G is the tangent, and 
C G the secant of the arc A B. 

14. Tlie co-tangent and co-seemt of an arc, are the 
tangent and secant of the complement of that arc; thus 
H K and C K are the co^tangent and co-secant of tlie 
arc A B. 
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15. The lines above described belongs equally to an 
ang'le as to the arc by which it is measured : and all 
of them, except tlic chords and versed sines, are common 
to two arcs and ang:les, which are the supplements of 
each other. 

Example. — If the sine, tangent, &c. of an arc above 90** me 
required, it is the same thing to find the sine, tafigent, &e. of 
its supplement, or what it wants of 180o; that is, the sine, 
tangent, &c. of 105" is tlie same as the sine, tangent, &c. of 75". 

16. These lines are called the natural sines, tangents, 
&( . of the arcs or angles to which they belong : and the 
logarithms of the numbers by which they are represented, 
are the logarithmic sines, tangents, &c. 

17. Tables are calculated to a given radius, &c. 
every degree, minute &c. of the quadrant or 90". The 
imturul sines, tangents, are calculated to a radius 
of 1 ; but the logarithmic sines, tangents, &:c. are cal- 
culated to a radius of 10,000,000,000, or 1 with ten 
f‘i})hc‘rs, so that the latter are the logarithms of the 
former, with ton added to the index. 

QUESTIONS Foil EXAMlN'aTTON. 

1. What does trigonometry teach ? 

Of what does plane trigonometry treat i 

Give the dlustratjoii. 

iJow are the sides and angles of plane triangles estimated 't 

d>. Ilow IS every circle supposed to be divided, and how are the 
<legrees, &c. marked'^ 

How IS an angle measured? 

6. What are right, obtuse, and acute angles? 

7. ^Vhat IS meant by the complement ol an arc or angle? 

8. What IS meant by the supplement of an arc or angle ? 

9. What is the chord or subtense of an arc or angle ? 

["jliis and the following questions should be answered by 
references to the figure. J 

10. What is the sine of an arc or angle ? 

1 1 . What is the versed sine of an arc ? 

1*2. What is the cO'Sine of an arc ? 

13. What is tHe tangent of an arc, and what the secant I 

14. What are co-tangents and co-secants? 
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To wbat do these lines belong, and which of them are 
common to two arcs ? 

Give the example. 

16. What are these lines called ‘I 

17, IIow are tables calculated ? 


LESSON THE SECOND. 

] . In every plane triangle three things must be given 
to find the rest, and of these three, one at least must 
be a side. 

2. In every right-angled triangle, if the hypothennse 
or longest side be made the radius of the circle, tlie 
other two sides, or legs, will be sines of the opposite 
angles; but if either of the legs, including the right 
angle, be made radius, the other leg becomes the tan- 
gent of its opposite angle, and the liypothenuse ihe 
secant of llie same angle. 

If in the trumgle A 15 (’ tht* 
hypothenuije A B is made iho vu- 
dius, B C will be the sine of tljn 
angle A, and A (’ the sme of the 
anpfle B. But if A(’ be made 
riuiius, then B C becomes ihe tan- 
i gent of the angle A, and A B the 

A Fig. 15. C 

3. All the cases of plane trigonometry may be le- 
solved either, by geometrical construction, by iinUimc- 
tical computation, or instrumentally. 

Example. — By geo^miricnl construction. Lay down the 
known side or sides by a scale of equal parts, and the angki 
by means of a pi*otractor, and then measure the unknown 
parts by the same scale or instrument from which the other.s 
were taken. 

4. In a right-angled triangle two sides mtist always 
be given, or all three angles and one side, to find the 
rest. 

Example. — By calculation. To find B C wc should say as 
Radius : 92 : : Sine of 38" ; B C. 
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If the side A C were required, then since the angle A ia 38®, 
the angle B must be 52®, because the angle C being a right 
angle, the other two taken together mnst be equal to a right 
angle, or 90®, and we shoulil say as 

Radius : 92 : : .Sine of 62® : A C, • 

5 . The sides of any plane triangle are to each other 
as tlie sines of their opposite angles. 

Example (1.) — ^To find an angle: We “ as any side is 
to the sine of its o})posite angle, so is any other side to the 
sine of its opjtosite angle.” 

(2.) To find a side: we say, "As the sine of any angle is to 
its o])j>o8ite side, so is the sine of any other angle to its oppo- 
site side.” 

[Tlicrc are other cases according to the parts given, but as 
tluise involve more difficulties they are passed over; w^e shall 
conclude with referring to a few other properties of triangles, 
in adtlition to those already noticed.] 

6. The perpendiculars bisecting the three sides of a 
triangh*, all intersect in one pointy and that point is the 
centie of the circumscribing circle. 

Corollary. — Hence a circle may be drawn through any lliree 
jiomts not in a straight line. 

7. Tliree lines bisecting the three angles of. a tri- 

ungl(', all intersect iii one point, and that point is the 
centre of tlic inscribed circle. ' » 

8. The area of any triangle is found by multiplying 
tlie base by the altitude, and tiiking half the product. 

9. In a right-angled triangle, if a perpendicular be 
let fall from the right angle upon the hypotheriuse, it 
will divide it into two other triangles similar to one 
mitilher, and to the wdiole triangle. 

QUKVnONS FOU KXAMINATION. 

1 . What things are necessary to be known in triangles to find 
the rest ? 

2 . 11“ in a right-angled triangle the bypothenuse is made radius, 
what are the legs ? 

Explain this by the example. 

3. How can the cases in plane trigonometry be resolved 1 

4. What are ecquired to be given in the solution of right-angled 
triangles ? 

Give the example. 
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5. What is the general rule respecting the sides of any plane 
triangle ? 

Give the examples. 

6. What will be the resulting consequence of three perpendicu- 
lars bisecting the sides of a tnungld ? 

What is the corollary deduced from it ? 

7. What will be the resulting consequence of three lines bisect- 
ing the three angles of a triangle ? 

8. How IS the area of a triangle found ? 

9* W^hat happens when a perpendicular is let foil from a right 
angle to the Lypothenuse of a right angled-triangle ? 


MENSURATION. 


LESSON THE FIRST. 

1. Mensitration is the art of ascertaining’ tlie con- 
tents of superficial areas, or planes, and of solids : it is 
also applied to determine tlie lengths, heights, depths, 
or distances of bodies anti objects. 

2. Accessible lines are measured by applying to them 
some certain measure, as an inch, a foot, a chain, &e. 
a number of times. 

3. Inaccessible lines must be measured by angles 
which are taken with a quadrant divided into degrees, 
minutes, and seconds. 

4. The measure. of a plane figure is called its area , 
which determines the extension of bodies as to length 
and breadth. 

5 . The area of a figure is the measure of its surface 
without any regard to its thickness. 

6. The surfaces of bodies are measured by squares, 
as square inches, square feet, square yards, &c. that 
is, by squares whose sides are inches, tlet, yards, &c. 
accordiiig to the following: 
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TABLE. 


144 square 

inches makB. 1 

square foot. 

9 .. 

feet 

• 1 

. . yar<i. 

30i . . 

yards 

.. 1 

pole. 

16 .. 

])oles 

.. 1 

chain. 

40 .. 

poles 

.. 1 

. . rood. 

10 .. 

chains. 

or 4 

roods. 

640 . . 

acres 

.. 1 

. . mile. 

4840 . . 

yards 

.. 1 

. , acre. 


7. The ar^H of a parallelogram, whether it be a square, 
rectangle, rhombus, &c. is found by multiplying the 
length by the perjxmdicular height. 

Examjde 1. — For how many yards of painting shall I have 
to pity for a room, of which the two sides are 20 feet by 12, 
ami the two ends Id bv 12. 

‘20 X 12 240 

16 X 12 == 192 


432. 

Therefore 432 X 2 = 864 number of feet in the sides and 
t;nds of the room, whioh divided by 9 gives the number of 

} ards, or 96 yards. 

Exanipl(‘ 2. — ITow’ many square feet are there in a* table 
12 feet long, and 6^ broart. Ans. 12 X 6^ -= 66 feet,, 
Exainjdc 3. — How many acres are there in a field fliat 
meusnres 14 chains in length, by 12^ in breadth. 14 X 12^ 
I7r», nliich divided by 10 gives 17i acres for the answer. 

S, The area of a triangle is found by multiplying one 
ot Its sides by the perpendioulnr let fall upon it from its 
opposite angle, and dividing the product by 2. 

Exam))lo. — How many square feet arc tliere in a triangular 
hij) of thii roof of a house, Avhose hasi^ is 20 feet, and perpen- 

dicuhir 15 feel. Ans. r=- 150 feet. 

9. All right line figures may he measured in tlie 
saui(‘ manner, because they may all be divided by lines 
into parallelograms or triangles. 

10. A four-sided figure will be divided into two 
triangles by oni? line connecting the opposite angles ; a 
five-sided figure by tw^o lines, making three triangles; 



IB6 MENSURATION. i 

a six-sided figure will require three diagonals, wliich 
will make four triangles, and so on. 

1 1 . The circumference of ^ircle is found by nnilti- 
plying the diameter by 3,1416. 

Example. — If the diameter be 7* the circumference is 
3.1416 X 7 =- 21.9912. or 22 nearly. 

Corollary. — Hence the diameter of a circle is to the cir- 
cumference as 7 to 22, which is sufficiently accurate for all 
common purposes. 

12. The area of a circle is found by multiplying thti 
square of tlie diameter by .7854, and the product will 
be tlie area. 

Example. — What is the area of a circle whose diameter is 
50 yards. Ans, .7854 + 50“ .7854 x 2500 = 19634 yards. 

QUESTIONS roll EXAMINATION. 

1. What is mensuration, and to what is it applieil ? 

How are accessible lines measured i 

3. How are inaccessible lines measured? 

4. What is the area of a fif^ure, and whal docs it determine ' 

.% What is the area of a figure f 

6, How are surfaces of bodies measuic d 'f 

Repeat the table. 

7, How do you find the area of a parallelogram ? 

Work the examples. 

5. How is the area of a triangle found ? 

Give the example. 

9. In what way are other right lined figures measured ^ 

10. Into how many triangles cun a four-sided, five-sided figure, 
&c. he divided 1 

11, How IS the circumference of a circle found ? 

Give the example. 

What corollary is deduced from this ! 

How is the aiW of a circle found? 

Give the example. 


LESSON THE SECOND. 

1, A solid is a figure that has length, breadth, and 
thickness, and its measure is called thic? solidity, capa- 
city, or contents. 
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2. Solids are measured by cubes, whose sides are 
yards, feet, inches, and the solidity, capacity, or 
contents of a body is ^id to be so many cubical inches, 
feet, &c. 

TABLE. 

17:38 cubical inches make 1 cubical foot. 

27 . . feet . . 1 . . yard. 

1 . . yards . . ’1 . . pole. 

64000 . . poles . . 1 . . furlong. 

512 .. furlongs.. 1 .. mile. 

3 . A prism is a solid whose ends are any plane 
hgurcs which are equal and similar, and its sides are 
parallelograms. 

4. A cube is a square prism having six sides, which 
are all (*qual and squares. 

5. Tlic solidity or content of a cube is found by iiml- 
U])lymg the area of tlie base by the height. 

Exanij)le 1. — Ibnv many cubical feifet arc there in a block of 
stone whose sidc^ arc 45 inches long : and what does it weigh, 
su]iposing there arc 16 feet in a ton? 

45 X 45 =v' 2025 =- area of the base. 

2025 X 45 = 91125 === cubical inches, and 
01l‘^5 

cubical feet, or nearly 525 cubical feet. 

52.73 

And its weight ~ 

Example 2. — What is the contents of a leaden w*ater cistern, 
m cubical niches, iiiul also in gallons, which is 3 feet long, 
2 feet wide, and 2^ deep"? 

3 X 2 — , 6 feet = area of the base. 

() X 2^ = 15 feet = cubical contents in feet. 

15 X 172s ~ 25920 = cubical inches. 

And since 282 cubical inches .= 1 gallon, 
‘^5920 

therefore gallons nearly. 

6. A cylinder is a round prism, which has two equal 
circles lor its ends ; and to find its contents we mul- 
tiply the diameter of its end by 3.1416, wdiich gives its 
circumference^ and this by .7854, wdiich gives the area 
of the base, and this product by its height gives the 
solid contents. 
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Example. — ^What Is the contents of a cylinder 1/3 feet high, 
and the iliameter of the base feet? 

Answer 3 X 3.1416 -= .9.4248 / 

9^4248 X .7854 = 7.4 
^ 7.4 X 15 = 111 cubical feet. 

7. A pyramid is a solid wliose sides are triangles 
meeting in a point at the top, and the base is any plane 
figure. 

8. To find the contents, “ Multiply the base by the 
perpendicular height, and take one-third of the product.” 

£xam})le. — What are the solid contents of n square pyrainul 
whose height is 30, aud each side of its base 3 feet ? 

3 X 3 ,9 == area of base. 

9 X 30 -r 3 = 9 X 10 = 90 feet. 

{). A sphere is a solid bounded by one. contiuut*d 
convex surface, every jioint of wJiich is equally dislani 
from a point within, culled the centre. 

10. To find the solid contents of a sphere, Mul- 
tiply the surface by one-third of the radius, and th(» 
product will be the solidity;^’ or “ Multiply tli(‘ cube of 
the diameter by .5230 for the solidity.” 

Example. — What are the solid contents of the earth, siip- 
posing.its diameter to be 8(KX) miles in length ? 

‘ 8(K)0 X 8000 X 8(K)0 = 5 12,000, (K)0, 000 and 
512,000,()00,(KK) X ,5236 = 268,0b3,20(),()W miles. 

1 1 . The circumference of an ciii})se is found by multi- 
plying the sum of' the two axes by or by 1 ..5708. 

Example. — ^^fhe circumference of an ellipse wdiose diameters 
are 9 and 7, is equal 9 -h 7 X 1.5708 = 

16 X I. 57 O 8 = 25.1328 answer. 

12. The area of an ellipse is Ibuufl by multiplying 
the product of the tw'O axes by .7854. 

Example. — Suppose the axes of the ellipse to he 9 and 7 : 
then 9 X 7 X .7854 = 63 X ,7854 — 49.48 answer. 

13. Tlie length of any arc of a circle is cipial to eiglit 
times the chord of half the arc, minus tlVe chord of the 
whole arc, and the remainder divided by 3. 
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Supposing the chord of the whole arc to be A and that of 
half the arc to be a, thence arc itself will be 

14. The concave or convex surface of an arched 
coiling* is e(iual to the length of the arch, multiplied by 
the length of the ceiling. 

Example. — To find the concave surface of a circular ceiling 
26 feet long, and whose arch is represented by figure 16. 

Here the chord of the whole arc i» 

"X. tS feet, and the perpendicular is 

/ ^ the chord of one-half the 

n( 6 'A i i s eq ual to n/ t)J“ X 3'^ — 

ia V = TAG nearly. Therefore by 

X 7.16 — Ki 

the rule given above, (13) the whole abcia equal to — 

i-tr t;> feet uearly: of course the surface is 1.5 X 26 = 390 feet, 

.'•JO/) 

or =■- *13.3.3 yards. 


OUKSTIONS FOR KXAMINATIOK. 


1. tv hat is a solid, and what is its measure called ? 

Plow are solids measured 1 
Uejieat, the table. 

3. ^Vhat is a prism f 

4. How IS a cube defined? • , 

6. How do you find the contents of a cube? 

Work the e.vamples. 

6- hat is a cyhnder, and how is it measured ? 

Work the example. 

7. What IS a pyramid ? 

8. How are th^ contents of a pjTumid found? 

Work the example. 

9. What IS a sphere? 

)(>, How are the contents of a sphere found? 

W'ork the example. 

11. How is the circumference of an ellipse found 
W^ork the example. 

12. How is the area of an ellipse found? 

Work the example' 

1 3. How is the length of an arc of a circle found ? 

I'l. How is the concave, or convex surface of an arched ceiling 
found ? * 


Work the example. 
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LESSON THE FIRST. 

1. Conic Sections are such curve lines as are pro- 
duced by the mutual intersections of a plane, and the 
surface of a solid cone. 

2. In different positions of the plane there are five 
different figures or sections, viz, a “ triangle,*’ a “ circle,” 
an “ ellipse,” a parabola,” and an hyperbola.” 

3. The ellipse, parabola, arid hyperlx)la, are pecu- 
liarly called conic sections, and the investigation of their 
nature and properties is the business of Conics.” 


4. If tlie cutting plane pass through the vertex 
of the cone, and any part of the base, the section 
will be a triangle, as V A. B. 


B 




5. If the plane cut the cone parallel to the 
base, or make no angle woth it, the section will 
be a circle : as A B II. I’lg. 1 8. 


Fig, 19. 


A 


6. The section I) A B is an ellipse, 
and It is formed by cutting the cone ob- 
liquely through both sules. Jog. 19, 
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7. Wh%i the eone is cut by a plane parallel 
to one of its sides the section is a parabola, as 
A D E. Fig. 20. 



B. The section is an hyperbola when the cut- 
ting plane makes a greater angle with the base 
than the Hide of the cone makes : and if the 
plane be continued, to cut an opposite cone, this 
latter section is called the opposite hyperbola to 
tlie former ; thus 13 c ri is opposite to A I) E. 
i’.g. au 

9. The vertices of any section are the points 
where the cutting plane meets the opposite 
sides of the cone, as A and B. Fig. 21. 


10. The ellipse and opposite hyperbolas have each 
two vertices, but the parabola only one. 


Mil 



11. The axis, or transverse dia- 
meter of a conic section is the line 


AB, fig. 22j BB, fig.2Sj andAB, 
fig. 24. 


F II 



The centre C is the middle of the 
axis: in the ellipse fig. 22, the centre 
is within the curve: in the hyper- 
bola it is w ithout the carve : but in 
the parabola the centre is infinitely 
distant from the vertex, fig. 23. 



192 


CONIC SECTIONS. 


1 


13. A diameter is any ri^bt line, as A B or 
P K, drawn through fL-he centre, and terminated 
on each side by the curve. All the diameters of 
the parabola are parallel to the axis, and infinite 
in length, because there is no termination to the 
line A B, fig. 24. 


Pig:2i. 

14. TJic conjugate to any diameter is the line drawn 
througli the centre, and parallel to tlie tangent of the 
curve at the vertex of the diameter: thus H 1, %. 22, 
w^oald l>e parallel to tangents drawn through A or B, 
and G F is parallel to tangents drawn through D and 
E; therefore H 1 is conjugate to A B, and (r F is con- 
jugate to D E. 


QUESTIONS FOK EXAMINVIUON. 

1 . What are conic sections ! 

*2, How many difTerent figures arise from the cnitnio of the 
cone, and wlmt are tlioy ^ 

3. Whi<;h are those that are properly called coiiii- st^ctions, and 
what is the peculiar business of conics ^ 

4. How is the triangle formed ' 
h. *How IS the circle formed ? 
fj. How is the ellifjse formed? 

7. How IS the parabola formed > 
a. flow is the hyperbola formed 1 

Explain this and the four preceding articles hy the figures. 

9. What are the vertices of a section * 

10. How many vortices have the dillorent sections ? 

11. Point out what is the axis of a conic section ' 

12. What is meant by the centre of a conic section ' 

13. What IS meant by the dmineter of a conic, section ? 

14. W^hat ig meant by the coujogate to a diameter ? 



LESSON THE SECOND. 

1 . All ordinate to a diameter is a line parallel to its 
conjugate, or to the taut^ent at its vertex, and termi- 
nated hy the diameter and curve: thus D K, El. are 
ordinates to the axis A B; fig. 22, 23, .2.4: and M N, 
N O, are thi* ordinates to D E. Ordinvites are perpen- 
dicular to their axis. 
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2. An absciss is a part of any diameter contained 
between its vertex ami an ordinate to it: thus A K, 
KB, 22, are abs^ss^scs to the ordinate DK; and 
D N, N E are abscisses to the ordinate N M. 

3. In the ellipse and hyperbola every ordinate has 
two abscisses, in the parabola only one. 

4. Tlie parameter, or datus rectum of any diameter, 
is a third proportional to that diameter and its conjn- 
grate: that is, if p = parameter, then hg. 22, AB; 
H I : : H I : p. 

5. The focus is the point in the axis where the ordi- 
nate is equal to half the parameter ; thus D K, and E L 
are each erpial to the semi-parameter. 

(). The ellipse and hyperbola have eacdi two foci, 
but the parabola only one. 

7, The conic sections are allied to each other, so that 
the one may be changed to another, j>y being increased 
or cliiuinished. 

Illustration. — The curvature of the circle is easily made 
to jiassinto an cllijjse: for a circle is a figure drawn from a 
single point within, called the centre: but an ellipse is a 
cm red figure dnum from two points within called foci: if 
therefore, instead. of a single point, two points be assumed at 
ever so short a (li.stariec from the centre, and on each §idc of 
it, the curve becomes an ellipse. Hence is derived the com- 
mon inetliod of doscrihing an ellipse. 

Take a tlireail ot* the length of A B, fig. 22, the transverse 
axis, and lix its two emls in the fo(*i K and L by two pins; 
and cany a pen or pencil round by the thread, keeping it al- 
w ay.s .stretched, and its points will trace out the curve line. 

QUESTIONS Toil examination. 

1. What IS tlie orcbiiate to a diameter? 

Explain this by the figures 

а. What IS meant by an ahsci.ss?^ 

.S. How many abscisses are there to each ordinate? 

4. What IS meant l)y the parameter of a conic section? 

5. ^V hat IS Uie focus ? 

б. llow' many foci are there to the several sections? 

7. In what waVgei'c the conic sections allied to each other? 

Give the lUuhtration- 

IJow IS an ellipse described? 

K 
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ARCHITECTURE, 

ITS ORIGIN AND HISTORY. 


*\Next add our cUie* of illuatrlous name. 

Their costly labour, and stupendous frame.** — Drydcn. 


Architecture is the Rtt of building, or a science which 
teaches how to erect buildings either for habitation or defence. 
The origin of this noble science may be traced in the Indian’s 
hut, and the Greenlander’s cave; they shew the rude begin- 
ning fpom which it has grown to its present perfection and 
inagnihcence. It is an art of the first necessity, and almost 
coeval with the human species. Man from seeking shade 
and shelter under the trees of the for(^st, soon felt the ne- 
cessity and saw the utility of bending them to more comtno- 
dious fomis than those in which he found them disposed by 
nature. To huts made of trees and branches leaning together 
at top, and forming a conical figure plastered with mud, suc- 
ceeded more convenient square-roofed habitations. 

Thi§ art w'c are asamed is as old as Cain : for Moses tells 
us that he built a city, though what were the materials, or 
how the buildings w’ere constructed, we are entirely ignorant. 
It is commonly said, that the first materials employed in 
building were twigs of trees, wherewith' men constructed 
huts, such as the wigw^ams in use among the American Indians. 
This, however, has been disputed. The natural shelter af- 
forded by hollows in the sides of mountains or rocks, it 
may be supposed, would much more readily suggest the idea 
of using stones and earth as materials for building ^houses. 
Indeed, considering that tents were not invented before Jthc 
days of Jabal, Tubal-cain’s brother, it is very probable that 
such temporary houses as%ie Indian wigwams were not 
oii^ally known; otherwise the method of covering poles 
with the skins of beasts, instead of small twig branches, must 
veiy soon have taken place. These temporary houses seem 
to have come into use only when men began to lead an idle 
wandering life, like the Tartars, and cou^ not be at the 
trouble of constructing durable habitations in every place, 
whei*e they w^erc obliged to wander with their cattle; and 
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]^erhaps, thus took the hint of making portable houses 
or tents. Accordingly we sec, that no nation, except those 
V who are in a perpetuallmunsettled state, make use of such 
wretched materials. Evln in America, where the human 
race has aj)peared in tlie rud^t form, they were no« sooner 
collected into great bodies under the emperors of Mexico and 
Peru, than stone buildings began to be erected. We are not 
therefore to look for the origin of architecture in any single 
nation, but in every natioil, when the inhabitants began to 
leave off their savage way of life, and to become civilized. 
The origin of regular building bath been deduced from the 
constnu-tion of the meanest huts, in a very natural plausible 
manner, by several authors. 

Vitruvius,* the learned and celebrated Roman architect, 
w’rites as follows ; “ Anciently men lived in woods, and in- 
habited caves; hut in time, taking example perhaps from 
birds, who with great industry built their nests, they made 
themselves huts. At first they made these huts, very pro- 
bably of a conic figure, because that is a figure of the sim- 
plest structure; and, like the birds whom they imitated, 
composed them of branches of trees, spreading them wide at 
the Irnttom, and joining them in a point at the top; covering 
the whole with reeds, leaves, and clay, to screen them from 
tempests and rain. But finding the conic figure inconve- 
nient on account of its inclined sides, they changed both the 
form and construction of their huts, giving them a cubical 
figure, and building them in the follow ing manner. Hkvkig 
marked out the space to be occupied by the hut, they fixed 
in the ground several upright trunks of trees to form the 
sides, filling the intervals between tliem with branches closely 
interwoven and covered with clay. The sides being thus 
completed, four large beams were placed on the upright 
trunks; which being W'ell joined at the angles, kept the sides 
firm, and likewise served to support the covering or roof of 
the building, composed of many joists, on which were laid 
several beds of reeds, leaves, and clay. Insensibly mankind 
improved in the art «)f building, and invented methods to 
make their huts lasting, and handsome, as well as convenient. 
They took off the bark, and other unevennesses, from the 
trunks of trees that formed the sides; raised them pi*obab}y, 

♦ Vitruvius, a Csimous engineer and architect in the time of Julius 
and Augustus Cscsar ; he wrote ten hooks of architecture, was patron- 
ized by the ernperori, and though emidoj ed in few works of nnigni- 
ficence, his mies were highly esteemed by the undents, and are still u 
standard among the moderns. * 
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above the dirt and humidity^ on stones, and covered *eaeli of 
them with a ijat stone or slate, to kcejp olf the rain. The 
spaces between the ends of the joi/ts were closed with clay, 
wax, or sonic other substance, ai/l the ends of the joists 
covered with thin boards cut in the i||janner of tri^lyphs. 
The position of the roof was likewise altered, for being, on 
account of its flatness, unfit to throw off the rains that fell in 
great abundance during the winter season, they raised it in 
the middle, giving it the form of a gable roof, by placing rafters 
on the joists to support the earth and other materials that 
composed the covering. Frmn this simpk construction the 
orders of architecture took their rise : for w hen buildings of 
wood were set aside, and men began to erect solid and stately 
edifices of stone, tljey imitated the parts which necessity had 
introduced into the prinntive huts; in so much that the up- 
right trees with the stones at each end of them, were the 
origin of columns, bases, and capitals; and the beams, joists, 
rafters, and strata of matenals, that formed the covering, 
gave birth to nrehitrav^es, friezes, triglyphs, and cornices, ivith 
the (‘orona, the inutules, the modillions, and the dentils. 
The first buildings were in all likelihood, rough and uncouth; 
as the men of those times had neither experience nor tools : 
but when by long experience and reasoning upon it, the 
artists bad established certain rules, had invented many in- 
struiw(‘Tits, and by great practice had ticquired a facility in 
executing their ideas, Jthey matle quick advances towards 
perfvf-tioii, and at length discovered certain manners of build- 
ing which succeeding ages have ri^garded with the highest 
veneration.'"' 

From the earliest antiquity the Eg\T[)tian8 have been con- 
sidered as the inventors of arts; and in the time of their 
prosperity all nations sought and studied their philosophy 
and their sciences; so that “ being learned in the arts of the 
Egyptians” became proverbiaL Among other arts derived 
from them, architecture is generally enumerated; but this I 
apprehend must be understood as meaning only that species 
of original architecture where tlie strength of the fabric w^as 
more regarded than the symmetry. Of this kind are the 
pyramids and the ruins of the magnificent temple at Thebes. 

It is not, therefore, unreasonable to conclude, that from 
Egyjit, where the contemporary nations sought the arts and 
stiidicd the sciences, the Greeks derived their first ideas of 
building, but which were »o changed and improved by being 
thus transplanted, that it can scarcely be '^known from what 
stock they had their ori^n. The Greeks, anxious to add 
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elegance to convenience, disregarded the massive and pon- 
derous architecture of tl^ Egyptians, whose ignorance or the 
arch made it absolutell necessary for them to have small 
spaces between their cJlumns, and to burden their edifices 
with large and stripy architraves. • 

This, therefore, may be considered as the probable track 
by which architecture rose to elegance, for certainly the 
structures of Egypt are much more ancient than those of 
Greece ; and as it may he considered the best character oi 
buildings that they provide for the comfort and convenience 
of man, so it must oe allowed that the Greeks first rendered 
them productive of grace, elegance, regularity, and beauty; 
for to the fine eye, skilful hand, and sublime genius of that 
nation, is architecture indebted for its rules of harmony, ele- 
gance, design, and taste of ornament, which began to arrive 
at perfection under the fostering care of Pericles, which period 
including the reign of Alexander the Great, must be con- 
sidered as its climax of grace, elegance, and beauty, in Greece. 

It is a most indubitable fact, that the mind of man is in- 
fluenced by modes of government: and it is certain that the 
Greeks, with their independence, lost also their superior vigour 
of genius; and what remained was, with the spoils of their 
cities, carried to Rome. Hence it is, that from this period 
tlic Homans are to be considered as the encouragers and pa- 
tronisers of architt;cture. From this period also its progress 
was great and rapid, though little was done that could be 
remarked for its novelty; but the rules of the Greeks ^^ere 
applied to stmctui'cs so numerous, and of such wonderful ex- 
tent. that w'e doubt which most to admire, the original in- 
veutor.s of these sublime rules, or those who applied them to 
such stupendous buildings. 

Altliougli the Romans borrowed tlieir architecture from 
the Greeks, they did not imitate them in the structure of 
their private dwellings in every particular. Their magni- 
ficence, however, in their temples and public buildings, is 
yet to be seen in what remains of them, and which are not 
only models for all modern architects, but have never been 
surpassed, nor even equalled to this day. But tlmugh tlie 
art of architecture coutinued almost at its highest pitch 
among the Romans for two centuries, it decline<l exceedingly 
as the empire began to fall. Tacitus relates, that after the 
battle of Actium no men of genius appeared; and after the 
reign of Alexander Severu.s, a manner of building alt(»gether 
confused and irregular was introduced, wherein nothing of 
the true graces and majesty of the former was preserved. 
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LESSON THE FIRST. 

1. Architecture is the art of building, or erecting 
edifices, whether for habitation, for worship, for orna- 
ment, or defence. It is divided into civil, military, 
and naval. 

2. Civil architecture, called architecture simply, by 
way of eminence, is the art of constructing edifices for 
the common uses of life. 

3. Military architecture is the art of strengthening 
and fortifying places to screen them from the attacks of 
enemies. ' 

4. Naval architecture, or ship-building, is that wscience 
which teaches the construction of ships ana other float- 
ing vessels, with that of ports, docks, &c. 

5 . Arcliitecture had its origin in the inclemency of 
the season ; it has spread wherever the severities of ilie 
climate demand shelter or shade, and may be traced 
in the‘Indian^s hut, and the Greenlander’s cave. 

6. The assistance required in erecting the meanest 
residedee, was perhaps the first introduction of civil 
society. 

7. The earliest efi'orts are supposed to have gone no 
farther than in bringing together a number of trees or 
large branches, which (leaning together at tlie top in 
the form of a cone) were interwoven with twigs, and 
plastered with mud tQ exclude the air. 

8. The iiicx>nvenienc€ft of the round habitation is sup- 
posed to have led to the introduction of square build- 
ings, and of supports for the cross beams which were to 
sustain the roof. The trunks of trees first used as sup- 
ports, gave the rude ideas of columns; these have at 
length produced those pillars from which are deno- 
minated the orders of architecture. * 

9. The orders form the principal parts of the decora- 
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tions of buildings. Every order con- 
sists of three divisionsa the pedestal, 
the column, and entablature. 
See fig. 1. g 

10. The pedestal consists of a base 
Or plinth, the dado or dye, and the 
cornice. The pedestal is psed to ele- 
vate the column to a necessary height* 
See fig. 1. 

1 1 . The column includes a base, a 
shaft, and a capital. See fig. 2 — S. 

p. 201, 202. 

12. The entablature consists of an 
architrave, a frieze, and a cornice, 
tig. 2. 

13. The plinth of a pedestal takes 
its name from the Greek, of a brick 
or flat stone on which columns in the 
early state of architecture are suppos- 
ed to have stood. 

14. The dado or dye is so called ^ 
from its cubical form : and the cor- 
nice takes its name from corona, top e 
or summit. 

15. The base of a column is its I 
foundation : the shaft is compre- 
hended between the base and capi- 
tal : and the capital is so denomi- 
nated from caput the head; the 
abacus is the upper member of the 
column, and serves as a covering. 

16. The architrave is so called 



from two Greek words agnifying 
* ‘ principal beam,^' because the archi- 


trave is the 
whole entab 


principal 

>lature. 


support to the 



A architrave, ^abacuii. B base, 
C capital. 0 cornice. E entablature 
F frieae. P pUnth* 8 ahait. 
Ttonia. 
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17. The frieze is a large flat face, which the ancients 
sometimes enriched witli the %ures of animals, &c. 
The cornice is the crowning parjlof the whole. 

18. The principal parts of a com^te order, except 
tile da3o and shaft, are composed oi small members 
which constitute the mouldings. 

19. Some of the smaller members are the torus, the 
astragal, and the scotia. The torus is the swell above 
the plinth : the astragal is a small round member re- 
sembling a ring, which terminates the extremities of the 
column ; the scotia is a hollow moulding used in bases, 
so called because of the strong shadow, which its con- 
cavity produces. 

QUESTIONS FOR EXAMINATION. 

1. What ia architecture, and how is it divided ? 

2. AVhat is civil orchitectur© ? 

3. To what is nulitary architecture applied t 

4. What does naval architecture teach ? 

5. From what had architecture its origin 

6. What was the first introduction to society 

7. To what did the earliest efforts in architecture extend J 

8. Wliat led to square buildings and other improvements in 
architecture ? 

9* What do the orders of architecture form, and of what does 
each order consist '? 

10. Of what does the pedestal consist? 

11. What does the column include? 

12. Of what does the entablature consist ? 

l.'J. From what does the plinth derive its name? 

14. Why is the dado or dye so colled, and from what does the 
cornice take its name ^ 

IX Describe the parts of the ''olmnn. 

16. From what does the architrave take its name, and why? 

17. What IS meant by the frieze? 

18. Of what i>re the principal parts of a complete order com- 
posed ? 

19- Fniimerato some of the smaller members and their pro- 
perties ? 
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1 . There are five orders of archi- 
tecture, viz. the Tuscan, the Doric, the 
Ionic, the Corinthian, ahd the Compo- 
site, which are distinguished from each 
other by the column, with its base and 
capital, and by the entablature. See 
fig. 1. p. 199. 

2. The Tuscan order is characterized 
by its simplicity and strength; it is com- 
}>osed of few parts, devoid of orna 
merits, and capable of supporting the 
heaviest weight. The Trajan column 
at Rome is of this order, fig. 3. 

3. The Doric possesses nearly the 
same character for strength as the Tus- 
can, but enlivened with peculiar orna- 
rnants in the frieze and capital, wliich 
are inseparable from it. Tlie columns 
of the temple of Apollo at Delos are of 
tins order. See fig. 2. p. 199. 

4. The ionic order is said to have 
been first employed in the decorations 
of the tehriple of Diana at Ephesus : the 
volute, scrol, or spiral horn, is a prin- 
cipal ornament of this column. Its or- 
naments are in a style of composition 
between the richness of the Corinthian, 
and the plainness of the Doric orders, 
fig. 4. 

5. The Corinthiln is the most noble 
of the five orders, and is known by 
its capital being adorned with two sorts 
of leaves, between which rise little 
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iBtalks : of these are formed the vo- 
lutes that s^port the highest part 
of the capitsp, fig. 5. 

6 . The Conipoaite order is nearly 
the same as the Corinthian, with the 
addition of the loaic volute to the 
capital, fig. 6 . 

7. Each column has its particular 
base: the Tuscan base is the most 
simpIe,havingonly a torus and plinth : 
the Doric has an astragal more than 
the Tuscan. To the Ionic base the 
torus is larger on a double scotia, 
with two astragals between. The 
Corinthian base has two toruses, two 
scotias, and two astragals. The Com- 
posite base has one astragal less than 
the Corinthian. 

84 Pilasters differ from columns 


Fig. 5. only in their plan, which is square. 

as that of columns is round. Their 






bases, capitals, and entablatures arc 
j tlie same as those of the columns. 

^ 9. Balusters, small columns, or 

pillars of wood, stone, are uswl 
j on terraces or tops of buildings for 
5 ornament, and to support railing, and 
3 when continued they form •a balus- 
trade. 

10. Corona, a large flat member 
in a cornice used to screen the un- 
derparts of the work, and to prevent 
the water from running down the co- 
lumn : the under part of the corona 
is called the soffit. 



IT. Portico, a continued range of 
columns covered at top to shelter 
from the weather: tlte portico at 
Palmyra was full four thousand feet 
long. 
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1 2. Gothic architecture ori^nated among the northern 
nations of Europe, w^ich, after the destruction of the 
Roman empire, they introduced to the exdusion of the 
Greek and Roman manner of architecture. It seems 
peculiarly adapted to reUgious edihces. 

13. The characteristics of Gothic architecture are 
pointed arches, greater height than breadth in the pro- 
portions, and profuse ornament, chiefly dmved from 
an imitation of the leaves and flowers of plants. 

14. There are two species of Gothic architecture: 
the Saxon, which is heavy, plain, robust, like the 
Tuscan ; the other, like the Corinthian architecture, is 
light and ornamental, and received its finish from the 
Normans. 

15. A grove of tall trees meeting at die top with in- 
terweaved branches, is said to be the natural model 
from which the aisle of the Norman Gtethic cathedral 
is derived. 


QirP.ST10NS FOR. EXAMINATION. 

1. WJbat are the orders of architecture? 

2. How is the Tuscan order characterized? 

5, What is the character of the Doric order 1 

4. Where was the Ionic order first used; what are it§ prin- 
cipal ornaments, and what is its character ? 

6. What are the characteristics of the Corinthian order ? 

6. What is the character of the Composite order ? 

7. Give an account of the bases of the several columns. 

8. In what do pilasters differ from columns ? 

9. What are balusters ? 

10. What is the corona, and what is its use ? 

11. What is a portico, and what ien^b was the portico at 
Palmyra ? 

12. From whom did Gothic architecture originate ? 

13. W'^hat are the characteristics of Gothic architecture? 

14. What are the species of Gothic architecture ? 

Id. W'hat is said to be the natural model of the Gothic archi- 
tecture ? 
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NATURAL PHILOSOPHY, 

MECHANICS, HYDROSTATICS, HTDRAUjLICS, PNEUMATICS, 
ACCOUSTICS, AND OPTICS. 

An appreciation and recommendation of Philosophical Know- 
ledge and Scientific Learning. 

'* Tho mind that lies fallow but a single day, sprouts up in follies 
that are only to be killed by a constant and assiduous culture'. It was 
said of Socrates, that he brought philosophy down from heaven, to in- 
habit among men ; and I shall be ambiliuus to have it said of me, that 
I have brought philosophy out of closets and libraries, schools and col- 
leges, to dwell in clubs and assemblies, at tea-tables and in cotlee- 
houses.” — Sjieclatvi\ Vol. i.. No. 10, 

“How charming is divine philosophy ! 

Not harsh and crabbed as dull fools suppose ! I — MiUtm, 

Man is ennobled by understanding and reason. These fovni 
tlie first and chief ground of his distimiiion and his superiority. 
These exalt him far above all other creatures of the earth. 
By these he is related with spiritual beings ; by these he 
takes flight to the regions abovcj and soars to the seat of 
Cod. He is neither altogether material, nor altogether 
spiritual; not like the beasts of the field, attached to thi‘ 
earth; not incapable, like them, of resisting the impression of 
external things. He can lift his eyes on high and rootn in 
spirit above terrestrial and visible obiccts : he can investi- 
gate himself ; distinguish himself from every thing around 
him, and separate his thoughts from that which thinks 
within him ; can disciiminate the past, the present, and the 
future, in the conceptions of his capacious mind ; has an in- 
w^ard and clear consciousness of his cxistcnc^c and his aptions; 
can inquire into the causes and motives of events, investigate 
their proportion and affinity to each other, view their con- 
nections and consequences; and from what he knows and 
sees, can judge in a thousand cases of w’hat he know s and 
sees not yet. How comprehensives is his intellect. How far 
does his reason venture, and how often does it succeed, in his 
boldest Speculations ! Who can compute the multitude, the 
numberless multitude of ideas, judgments, conclusions, re- 
marks and observations which arise, which associate, and in- 
terweave themselves in the human mind, during its short 
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sojourn on this terrestrial globe, and supply it with matter 
for everlasting reflectionl What is there in the heaven above, 
or in the earth, beneath, m the sea, and in all deep places,** 
in the visible or the inviswle world, in the regions oi possi- 
bilities and acTtion, in the obscurity of the past, and in the 
night of the future, what is there &at the curiosity of the 
human mind does not strive to posses, that does not employ 
its faculties, that it does not endeavour to know, to fathom, 
to explain, to compare, or to combine with what it already 
knows ? 

And who can deny that all things on the earth relate to 
man ; that all ai'c animated, beautified, and connected as the 
means of human happiness, and for the glory of God ? How 
extensively do the influences and <merations of men, either 
mediately or immediately, prevail! What does he not extort 
from the very elements, and the recondite powers of nature t 
And what revolutions and productions odes he not bring 
forth ! What desert does not become a paradise by his pre* 
scnce and industry; and what paradise is not more paradt. 
saicol w hen he builds his halutation in it ! Let me say to 
the student, represent to yourself ^he earth without mankind, 
w ithout rational creatures on it, and what do you^iscover it 
to contain? Certainly still many great beauties; but mote 
savage than gentle, more tremendous than delightful beau- 
ties — still, indeed, much life, but life without consciousness, 
without reflection, without approximate enjoyment, without 
recollection of the Great Author of it. No, nature isT beau- 
tiful, enchautiugly beautiful; but man adorns it, collects about 
him thi* scattered and single beauties, and sees and feels, and 
enjoys them, and delights in them. Nature is fruitful, inex- 
lmu.stil)ly fruitful ; but man improves her fertility, ^des it, 
and gives it its most generally useful direction. Nature is 
full of life; but msui diversifies, elevates, and ennobles this 
life, and is happy in the enjojmient of it. Would we esti- 
mate his powerful and benign influence on all things ; then 
wc have only to eompare the regions inhabited by man with 
those wherein he has not fixed his abode; to compare the 
European and Asiatic luxuriance of cities, ^dens, fields, 
with the savage and desolated wilds of Amenca. Here na- 
ture lauguishes for want of cultivation ; there plenty and joy 
meet the traveller with smiles. Here impenetrable forests 
and vast impassable marshes cover the earth, its unduected 
and useless fertility stifles and destroys itself, and pestilen- 
tial vapours obscure its surface; there the sim unimpeded 
difluses its light and heat, the waters flow in pleasant streams. 
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the Robome vapours are dispersed^ the winds are admitted to 
refresh and purify the atmosphere^ and the weeds are era- 
^^ted from the useful plants. \^ere man is not, and does 
not act, there are trackless wastes/there frost, and cheerless 
silence/ and dreadful death mrevail; where man appears, 
where he lives and acts, there ne makes him paths, there he 
decks the earth with flowers and fruits, there the air brings 
health and strength and pleasant odours with it, there he 
animates and gladdens all. How much more beautiful, much 
more glorious is nature noiv i how rich and beneficent imder 
the guiding hand and the genial attentions and culture of 
man! All is now the mirror of the Deity, the school of 
wisdom, the source of pleasure, the means of exercise and 
^rfection, the foretaste of purer joys and higher happiness ! 
How connected now is the visible with the invisible, the 
present with the future, the terrestrial world with the world 
of spirits, and the creature with the Creator 1 

Such then is man; such his faculties and his powers; so 
extensive are his capacities, so exalted is his vocation, liis 
dignity ; so stupendous, beneficent, and extensive are the ef- 
fects which his understanding, his freedom, bis activity, 
produces. ^ What is his duty, what his interest ? To confess 
and feel his faculties and privileges ; to confess and to feel 
them with a cheerful and gmteful heaii;. To cultivate his 
understanding, to cultivate his mental faculties with diligence 
and aute* To judge justly of himself, and to treat himself 
conformably with truth. To feel ^d acknowledge the value 
of his reasonable nature, the whole woirih of his superior dis- 
positions, capacities, and powers. If he does not do this, he 
cannot properly or worthily use these dispositions and capa- 
cities ; neither can he become, nor do, nor enjoy that which 
he may become, and do, and onjoy by the natiure of his ap- 
pointment. 

Every application of our mental faculties that is not totally 
friutless, every ^largement of our intellectual horizon, every 
augmentation of our knowledge and perceptions, every ad- 
justment of our ideas and conceptions, every additional view 
we get into the immense region of truth, and every ray of 
light thence falling on our eyes, augments our |X)wer, and 
procures us the purest pleasure, the highest happiness ; and 
how diversified, how inexhaustible is this feheity! Each 
stone, each mineral, each man, each part of man, the whole 
material and spiritual world, the visible ai^d invisible, the 
past, the present, and the future, the possible and the actual, 
the creature and the Creator; all charm, all employ the curio- 
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sity, aud spirit of observation and enquiry, of the thoughtful 
student; all guide himl forward on the traek of truth; all 
point out to him more ig less of it; all shew him arrange* 
ment and harmony in tie whole and in the p^s; all lead 
him to the prime, eternal Source of being, of life, of power, 
of perfection; and by these very means procure him satis- 
faction — the purest, the noblest pleasure. And this pleasure 
frequently rises to ecstasy, when he has overcome every ma- 
terial impediment that retarded him m his reflections, has 
obviated soi^e difficulty that bewildered hhn, solved some 
knotty point on which he had exercised perspicacity in vain; 
when he is enabled to flU up any considerable chasm in his 
knowledge, and see throng a series of ideas with greater 
clearness ; to comprehend more fliUy some part of human 
science ; to flud some important and fertile argument or ex- 
position; to make any striking application, any profltable use 
of his knowledge ; or to detect a trace of the truths that in- 
sure him a remarkable progress in tilling the field he has 
chosen to cultivate. How often and how amply must these 
pleasures requite the naturalist, the astronomer, the geome- 
trician, the philosopher, the chemi^, and eveiy other inqui- 
sitive mind, for all its exertions and toils in the aearidi alter 
truth ! Aud how little has such an one to fear, lest the 
sources of these pleasures should ever fail, or the enjoyment 
of them be turned into disgust ! No, here are fount^s of 
pleasure that never fail, which flow through all time;| and all 
eternities, and become the more bounteous, the more pellucid 
and pleasant, the oftener and more copiously we draw from 
tliein. And must not philosophy, which procures us this 
exalted pleasure, be inestimably valuable, and beyond tlie 
highest appreciation which can be arrayed of ite merits ? 

How greatly have navigation and commerce been ben^- 
fitted by astronomical observations ! How much have che- 
mical researches wntributed to the improvement and perfec- 
tion of manufactures ! How much are architecture, tactics, 
and every species of mechanical knowledge, indebted to ma- 
thematics ! What implement is there c? the artist, of the 
artizan, or of the husbandman, that is not more or less im- 
proved and perfected by them ? How many productions of 
nature are understood, wrought up, and rendered useful to 
many important purposes, by the industry of the naturalist ! 
What beneficial institutes in common and rivil life, what 
conveniences in regard of lodging and furniture, of order and 
safety, of trade and barter, are wt not indebted for to philo- 
sophical learning, and particularly to geometry ana the 
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sciences related to it ! How much is due to the study of 
law for peace and quiet, and to med|>3iiie for life and healthy 
however great the inconvenience^f the one may be, and 
the impenections of the other ! Eow much agreeable and 
useful knowledge, how many means of refined social plea- 
sure and noble entertainment have been diffused from all 
these sources among all classes and conditions of men ! 1 

will again ask the ardent student to compile the condition 
of a country where ignorance and superstition prevail, uith 
the state of another where learning and sciences flourish ; 
bow much more barbarism and ferocity, how much more im- 
perfection and confusion, will he find in the one than in tlie 
other ! How many channels of industry, of art, of pleasure, 
of domestic and social happiness, are closed to the former, 
which run and disperse themselves throughout our happy 
country, bringing life and activity, profit and satisfaction, into 
all our borders ! And I will astc liow much more profit and 
pleasure, of all these vai’ious descriptions, may not the whole 
society promise itself in future from philosophical and scien- 
tific learning, since all men are at present for more disposed 
to render it more generally useful »md more 8erviceal)le to 
sdl ranks and descriptions of persons than ever they w ere 
before t 

But another most important benefit to be regarded in an 
appreciation of philosophical know ledge, and one which like- 
wise most powerfully recommends it, is, that it cherishes and 
extends the light of truth, which superstition and fanaticism, 
that most baneful brood of dai'kness, cannot endure, and 
which it not unfrequently scares and chases hack into the 
obscurity from whence it sprung. It jiromotes clear thought, 
nice investigation, sagacious doubt, modest and dispassionate 
enquiry into the c-auscs, the designs, the connections of things, 
it arms us against the deceptions of the senses, of the ima- 
gination, of the feelings; against the fallacious cbai’ms of the 
extraordinary, the woiulemil, the mysterious; against the 
inqtosing rigour of apeculiar pensiveness and hidden wisdom, 
under whicn ignorance and fanaticism so frequently lurk. 
Wherever real learning and solid philosophy and science lose 
their respect and influence, superstition is sure to rise upon 
their ruins, with all its lamentable and disastrous attendants, 
ignorance, dastardly fear, and intolerance, spreading terror 
and thraldom and misery of various kinds throughout the 
land. Curiosity never totally forsakes the human mind. If a 
man cannot employ it in regular and rational meditation, he 
endeavours to satisfy it by conceits and reveries : the invi- 
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sible, tWe world of spirits, tbc future^ arc always momentous 
to time. If in his flij^lks into the unknown world he has 
not for his g\iide an emightencd and trained reason, but 
tniats only to obscure sen^^tions, he is then hable to follow 
every bye-way, every devious tra(dcthat offers; and who con 
think upon all the hurtfid and ruinous effects of superstition 
and fanaticism, and not ascribe great praise to science and 
erudition, which is always counteracting them, and setting 
bounds to their dominion ? 

If we wish to see the great doctrines of our holy Christian 
faith defended against the objections of the infidel and the 
sneer of the sconier; if W'e would see their reasonableness 
evinced, see them purified from all Imman (commixtures; 
more unfolded and reduced to a connected and consistent 
whole; delivered in a manner suited to the w'antS of man- 
kind, aud the exigencies of the times; and if we would have 
them likewise w orthy of all acceptation** to the deep-think- 
ing man, and the mind addicted to doubt; if we would hope 
to" see them in security from all abuse; we must recollect 
that our hopes and desires will be vain, without the means 
of various sorts of learned knowledge, they can never be ac- 
coin])lished without the assistance of philosophical per^ca- 
city, without an enlightened and habituated reason. Were 
it not for leai'mug and solid science, religion would spc^^dily 
degenerate into superstition and fanaticism. Whereas, the 
more flourishing and the more general they hecomet in a 
country or among a peojile, so much the greater light is 
difi'used over religion; so much the more is jt cherished in 
it^ native simplicity and its majestic dignity; and so much 
the more general must its influence be on human improve- 
ment and hapj>incss. 

Much, p(*rhaps even the greatest part, of knowledge, and 
the sciences, as they are termed, will fall aw'ay as totally use-, 
less ill the future life, as the toys and pla)i;hings of our 
cliiklish years; yet must much of the rest still remain, such 
as ai’c of a nobler kind, of eternal, unchangeable truth, of 
universal utility; and afford those, who take them with them 
into that better world, a greater or less advantag^us outset, 
beyond those w'ho are destitute of them. Though, for in- 
stance, what the astronomer knows concerning the heavenly 
bodies, and their relations tow^ards each other, be ever so 
little in comparison with what in the immense aystem of the 
universe is concealed from him, yet at least he understands 
some few letters in the alphabet of the skies, and seems in 
those superior regions somewhat less os tranger than the ah- 
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solutely igxioraRt* But, if this supposition bo no mure them 
a mere flight of fancy, yet in all c^s the. diligent and active 
sdiolar, vino in fact supports that name, is always exercising 
his mental faculties in a 8upeno|^ degree : learns to survey, 
to comprehend, to combine more things together; raises 
himself in meditation farther above what is sensible and vi- 
sible ; habituates himself to more intellectual employments, 
and nobler pleasures; aci^uires a greatei* love for truth, than 
for fdl thih^ else ; flnds in the researidi and knowledge of it 
the purest delight; feels more sensiblv the vanity and empti- 
ness of all earthly things; feels himself more forcibly attracted 
towards sudi as are infinite and eternal, towards God, the 
original source of all light and truth, and proceeds on his 
way to his superior state with brighter prospects and greater 
expectations. And surely this must be a suitable prepara- 
tive to it ? 

If such be the case, if philosophical learning and science 
be an excellent habit and perfection of the human mind, if 
it procure a man real pleasure, and the noblest and purest 
kinds of pleasure, it promote by various ways, essentially 
promote the general welfare of society. If it is an efiicneious 
preservative from su}>erstition, and an equally efficient su]»- 
port to true religion, and a moans of advancing it in the 
world, then is it incontestible, that it is of real and high 
value, that it may contribute, and actually does contribute, 
greatly to human liappiness. >f 

In /conclusion I would say to the student, frequently ba- 
ianhe what you know against what you do not and cannot 
know; what you know^ with assurance, against what is only 
hypothetical, and slightly probable; what you can actuidly 
make use of, against what is hard} mstriiracntal or matter of 
exercise, or even deception and error ; what you may hope 
to carry with you into eternity, against what will he buried 
with you, and lost in the night of oblivion : and let alf this 
teach you modesty and meekness. Let the sound intellect, 
the unc'orrujited feelings of the heart, the wisdom that is 
grounded on experience, arid shews itself in an active and 
busy life, Imve ample justice in your a|)preciation of the value 
of philosophical knowledge and scientific learning. 
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“ Dr, WulUs defluea luechanicii to be the geometry of motion, a ma- 
tliematu'al science, which ahews theeflbots of poweiis.or moving forces, 
so far as they are engines ; and denioustratea the laws of 

motion. ’ * — Harris. 

Natural Philosophy may be defined to be that which 
considers the powers and properties of uatui’al bodies, and 
their actions on one another. Our knowledj2;e of nature 
being found to result exclusively and entirely from expen- 
incnt, the term Experimental Philosophy, has in modem 
practice been eompoundod with that of natural pliilosophy^ 
and their definitions perfectly correspond. Natural philo* 
sophy is obviously a system, or an aggregate of several 
branches of knowledge, rather than a simple and uniform 
science of itself: and comprehends all those sciences which 
are named, and gathered in one enumeration beneath that 
dosignat ion at the oomtnencement of this chapter, and will 
be found distributed through the following lessons. Che- 
mistry and Mineralogy ought probably to be added to the 
number. , 

“ The main business of natural idiilosophy,^’ says Sir Isaac 
Newton, ** is to argue from phenomena w ithout feigning 
Inpotheses, and to deduce causes from etfects, till we come 
to tlie very first cause, w'hich certainly is not mechanical j and 
not only to unfold the mechanism of the world, but chiefly 
to resolve these, and such liktj questions.^' 

Matter is a substance, which by its difierent modifications 
becomes the object of our five senses : vi», w'hatever w^e can 
see, bear, feel, taste, or smell, must be considered as matter, 
being tlie constituent parts of the universe. Every being or 
substance that exists is made up of matter^ whose properties 
we can investigate,, though of itself we can know' notliing. 
Now it is the property of some kinds of matt^ar to act upon 
our senses immediately; of others, only by the' perceptible 
efiects they produce upon other bodies. We, therefore, ar- 
range under the former, all sorts of matter as are capable of 
being seen, as wood, stone, &c. ; and under the latter sucli 
species of matte^;> as prove their existence only by their effects 
upon other bodies, as the atmospheric aii-, gases, &c. 

The properties of matter explained in the following lessons 
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Sir Isaac Newton observes are the foundation of all philo* 
SOj^hy, and extend to the minutest jjarticles. 

Newton^s Princip., Book III. Tne third rule of reasoning 
in philosophy. f 


LESSON THE FIRST. 

't! 

MATTER, ANt) ITS GENERAL PROPERTIES. 

1. The science of mechanics treats of the laws, of 
the equilibrium, and motion of solid bodies : of the 
forces with which bodies may be made to act upon 
one another; and of the moans by which these may be 
increased. 

2. This science depends upon very simple principles, 
and may be resolved into the power which gravity and 
the laws of motion have on matter. 

3. Matter is the general name of every thing that 
has length, breadth, and thickness; and its properties 
are solidity, divisibility, mobility, and inertia. 

4. By solidity^ a lx»dy will not permit any other sub- 
stance to occupy the same j)lace with itself, at the same 
time. No other body can occupy tlui part of space lu 
which this book lies, without first removing the book. 

Experiment. — tube filled mth water or air will not admit 
a plunger accurately fitted to it, without the water or air 
being first displaced. 

5. By divisibility the parts of matter may be sepa- 
rated from each other without end.^ 

Illustration. — Since matter cannot he annihilated by 
division, so we can never imagine it to be (jut into such small 
particles, that any one of them shall not have an upper and 
under surface, which may be separated if we liave instruments 
fine euougli for the purpose. The parts of a iKxly may be so 
far divided as not to be sensible to the sight; and by the 
help of microscopes we dist'over myriads of organized bodies 
totally unknown before such instruments were invented. A 
grain of leaf-gold will cover fifty square inches of surface, 
and contains two millions of visible parts ; but the gold wdiich 
covers the silver wire, used in making gold lace, is spread over 
a smface twelve times 'as great. From such considerations 
as these, we are led to conclude, that the division of matter 
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is carri^i oil to a degree of minuteness far exceeding the 
bounds of our faculties, i^athematicians have sheam that a 
line may be indefinitely divided. 

6. Mobility is that j^ropcrty of matter by which it 
is capable of being moved from one place to another, 

7. Inertia is tliat property of matter by which it 
would always contimife in the same state of rest or mo- 
tion in which it is pat, unless prevented by some ex- 
ternal force. 

iLLUSTRAtioN. — It is evident that matter, as a mass of 
irpn or stone, can never put itself in motion. Bodies in mo- 
tion, as a bowl on the ground, or a cannon ball going through 
the air jiass from motion to a state of rest, eitlier by the fric- 
tion of the earth, by their own weight or gravity, or by the 
resistance of the air. 

8 . There are two kinds of attraction to be considered 
in mechanics; the attraction of cohesion, and the at- 
traction of gravitation. 

9. The attraction of cohesion* is that by which the 
j)arti('l( 3 s of matter are kept together, or which induces 
the parts of bodies to unite, when brought sufficiently 
near each other : by this principle bodies preserve their 
forms, and by tliis principle two drops of water, or 
globules of quicksilver, when brought sufficiently near 
each other, wull run together. 

](). The attraction of gravitation, or gravity, is that 
foj’ce by which distant bodies tend toward one another. 

Example. — By this principle, a body dropped from the 
liand falls to tlie surface of the earth ; and all terrestrial bodies 
tend towards the centre of the earth ; and by it the planets 
tend towards the sun, and towards each other, as well as the 
sun to them. 

1 1 . Tlie attraction of gravity decreases as the squares 
of tlie distance increase from the centre: that is, at 
double the distance from the centre, the force of gravity 
would be only one-^fowth of what it ijs at the surfocc. 

Ii.LUSTBATiON. — ^Thc weight of bodies is owing to the 
principle of gravitation : a piece of iron, stone, or any other 
substance, tbat^ eighs at the surface of the earth, a pound or 
a hundred weight, would at double the distance from the 
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oentFe the earth weigh only ilb. or ^cwt.; and at three 
times the distance it would weigh ^ly jth of a lb. or ^th of 
a cwt. 

QUESTIONS FOR NATION. 

1. Of what does the science of mechanics treat? 

S. IT^pon what does it depend ? 

3. What do you mean by matter ? 'p 

4. Explain what is meant by solidity. 

5. What is meant by the dirisibility of matter ? 

Give the illustration. 

6. What do you mean by the mobility of matter? 

7. What IS meant by the inertia of matter ? 

Give the illustration. 

8. How many kinds of attraction are considered in mechanics? 

9. Explain what is meant by the attraction of cohesion. 

10. Illustrate the nature of gravitation. 

11. By w*hat law does the attraction of gravity dec^'ease/' 

How is it illustrated ? 

' \ 

LESSON THE SECOND. 

MOTION. 

1. Motion is a continued change of place, without 
which nothing can be produced or destroyed. 

2. There are two kinds of motion, the one by which 
an ^tire body is transferred from one place to another ; 

other is the motion of the parts of bodies among 
themselves : by the first, a heavy body fells to the earth, 
a carriage or ship moves: by the second » plants and 
animals grow, and the compositions and decompositions 
of bodies take place. 

3. To account for a body in motion there must be a 
cause ; and the causes of motion, are, gravity, the ac- 
tion of men and other animals, of wind, water, steam, 
and the pressure of the atmosphere. 

4. The velocity of motion is estimated by the time 
employed in passing over a certain spacef or by the 
space passed over in a certain time: and to ascertain 
the degree of velocity, the space passed over must be 
divided by the time. 

Example. — If a horse tim 20 or 15 miles in an hour, then 
he goes with a velocity of one mile in 3 or in 4 minutes. 
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6. A^body in motion must at ^very instant of tim€ 
tend to some point, tf it always tend to the same 
point, its direction is in a straight line, but if tliis point 
be perpetually changing the motion will be curvilinear . 

6. If a body is acted upon only by one force, in one 
direction, as in driving a bhll along smooth ice, or by 
several successive forces in the same direction, as the 
motion given to a vessel on water by a man continually 
pulling it towards him, then the motion will be in the 
same direction. 

7. If a body be acted upon by two or more forces in 
different directions at the same time, as it cannot move 
in all, it will move in a direction somewhere between 
them. The theorems relating to this are said to relate 
to the composition and resolution of forces. 

Example. — ^When a ship is driven by wind due west, and 
by the tide due north, it will go neither to the west nor to 
the* north, but if the forces be equal, it will be driven exactly 
north-west. 

8. Accelerated motion is that in which the velocity is 
continually increasing. 

Example . — k body falling to the cafth from some high 
building, as the cupola of St. Paul’s Church, affords an instance 
ol' accelerated motion, which is caused by the constant action 
of gravity . 

9. Motion is said to be retarded when its velocity is 
continually decreasing. 

Example. — If a cannon ball were fired perpendicularly up- 
wards, its motion would he retarded every instant, till at length 
its direction being changed, it would fall again with an acce- 
lerated motion j and it would take precisely the same space of 
time in its fall as in the ascent. 

1 0. The velocities of falling bodies, and also the spaces 
passed over by them increase as the odd numbers 1, 3, 
5, 7, 9, &C 4 ithat is, a body would fall 16 feet in the first 
second ; in the next it would fall three times 16, or 48 
feet; in the third second it would fall five times 16, or 
80 feet; in the fourth seven times 1 6, or 112, and so on, 

1 1 . The wh^le spaces passed over by a falling body, 
from the beginning of motion, will ^ as tbe squares of 
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tlie times, that is, a$ it falls 16 feet in the hrst setond, it 
will tall thtoiigh four times 16, ol 64 teet in two seconds; 
nine times 16, or 144 feet in tlnree seconds; and iu four 
seconds it will tall through 16<.imes 16, or 256, and so 
on; because 4, 9, 16, 25, «&c. are the squares of 2, 3, 
4, 5, <Src. 

12. The force with which a body moves, or which it 
would exert upon another body opposed to it, is in pro- 
portion to the velocity multiplied by its weight ; this force 
is called the momentum. 

Example. — If two cricket balls of equal weight be so struck 
that the velocity of •ue bo double that of the other, then th(t 
force of the swiftest will be double that of the slowest. 

QUESTIONS FOK EXAMINATION. 

1. What is meant by the tero* motion ? 

а. How niuriy kunis of motion .ire there? 

3. What are tlie causes of motion ? 

4, Jlow is the velocity of motion estimated ? 

Give the example. 

,*». I’o wliHt does a body in motion tend ? 

б. W hen IS mouon said to be in the same direction t 

7. W'bat will be direction of a body in motion that is acted 
.upon by two or more forces lu diderent directions ? 

Give the example. 

^.*'What is m^ant by accelerated motion? 

9. When is motion said to be retarded ? 

Give the example. 

10. What is the law’ with regard to the velocities of falling 
bodies, and also with regard to tlie spaces passed over by them ? 

11. What ia the law with respect to the w'hole spaces passed 
over 1 

V4. What is meant by the momentum of a body ? 


LESSON THE THIRD. 

CENTRE OF GRAVITY. 

♦ 

1 . I‘he centre of gravity of a body is that point in 
which the whole force of its gravity or weigjit is united, 
and whatever supports that point, supports the body, 
therefore the whole weight of the body may be considere<l 
as centered m that point. 
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Exalbple. — If I balance my pen or a cane on my finger, I 
know that the centre of gravity rests upon the finger. 

2. The common centre of gravity of two or more 
bodies is the point updb which they would rest in any 
position. 

Example. — ^If I have two brass or marble balls connected 
together with a wire, and I am able to balance them by placing 
the wire in a certain position on my finger, I know the common 
centre of gravity of the two balls rests on the finger. 

3. An imaginary line drawn from the centre of gravity 
of any body towaixla the centre of the earth is called the 
line of direction^ because it is the line that the centre of 
gravity w’oiild describe, if the body were suffered to fall. 

4. If the line of direction fall within the base upon 
which the body stands, the body cannot fall, but if it 
fall without the base, the body will tumble. 


Examples. — ^I'he inchnmg body B C I>, 
fig. 1, whose centre of gravity is E, stands 
firmly, because the line of direction E P falls 
within the base: but if another body be placed 
upon it, the centre of gravity will be raised 
to h, and then the line of direction LD will 
fall out of the base, and the centre of gra^' 
vity not being supported, the whole body will 
fall. In a coach or boat likely to be overact, 
the passengers should slip to the bottom, w'hich 
lowers the centre of gravity,' ipnd diminishes 
the danger. 

Hence buildings, as the tower A B, fig. $, 
may lean many feet out of the perpendicular, 
and yet stand firm, provided a plumb-line, Cc, 
suspended from C. the centre of gravity, fall 
within the base. 

A. If a plane, C D, see fig. 2, p. 218, be in- 
clined, on which a heavy body A, is placed, the 
body will slide down the plane, while the line 
of direction falls within the base, hut if, as in B, 
the line of di|BCtion fall out of the base, the 
body will rolIT 

6. The hroaderdthe base of a body the firmer 
will it stand ; thus the human body will stand 


Fig. 1. 



Fig. 3. 
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most steadily vben the line of direction 
falls in the ^ddle point between the 

£xample.--«B.op^ dancers perform their 
- feets by knowing how exactly to keep 
the common centre of gravity of them- 
selres^ and their pole> Just within the 
base* 


QUESTIONS TOH EXAMINATION. 

1. What is meant by the centre of gravity t 
Give the example. 

2. What is the common centre of gravity of two or more bodies? 

3. What is meant by the line of direction ? 

4. In what case will a body stands and when will it fall ? 

Give the examples. 

5* In what case w^ill a body slide, and when will it roll down a 
plane 7 

fu What makes a body stand very hrmly ? 


LESSON THE FOURTH. 

MECHANICAL POWERS. 

1. The mechanical powers are simple eng^ines that 
enable men to raise heavy weights, and overcome re- 
sistances, which they could not do with their natural 
strength. 

2. Eveiy machine is composed of one or more of the 
mechanical powers, df which there are six, viz. the lever, 
the wheel and axis, the Jmlley, the inclmed plane, the 
wedge, and the acreyr. 

3 A lever is an indexible bar of wood, iron, &c. 
chiefly used to raise large weights, and it is supported by 
a prop or fulcrum, on which all the other llirts tura, as 
the centre of motion. Tliere are three Jcinds of levers, 
distinguished from one another by the different ways of 
using them. 





219 


4* if lever of 
the first kind is 
when the weight 
W, fig. 4, is at 
one end, the power 
P at the other, and 
the fulcrum D he- 


C 

] ■* _ 

%. 4. 


B A 
10 1 
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tween the weight an^ 
power, A lever of the 
second kind is when the 
fulcrum A, fig. 5, is at 
one end, the power at 
the other, and the weight 
between them. The third 
kind of lever is when the 
weight is at one end, and 
the power between the 
fulcrum and weight. 





5 , A pok^r stirring the fire is a lever of the first ^ind, 
for the bar of the grate is the fulcrum, the coals the 
weight to be moved, and the liand the power. Steel- 
yards, scissars, pincers, snufFers, <&c. are levers of the 
first kind. 


6. Every door that turns on hinges is a lever of the 
second kind, the hin^ are the fulcrum, or centre of 
motion, the door is the weight to be, moved, and the 
hand in opening it is the power. An oar in the act of 
moving a boat is a lever of this kind, 80 is the rudder 
of a ship ; also nut-crackers, and knives used in cutting 
chaff, &c. 

7. A ladder to be raised by the strength of a man’s 
arms is a lever of the third kind: the fend fixed against 
the wall is the fulcrum, the top of the lad^ may be 
regarded as the weight,* and the power is the strength 
applied. - The human arm in robing a weight » a lever 
of this kind, 

8. A hammer drawing a nail is a lever of the first 
kind, but with a difiPerent applicadcm. The longer the 
handle of the hammer, compared with the shank or iron 
part applied to the nail, the easier the nail is drawn. 

9. In all the mechanical powers it is a maxim that the 





advantage gamed is in proportion tihe space j^assed 
over by the moving power, ^ 


10. Ihe iuh«{ and axis, 6, con- 
StslB of A wbe^ ViT W on an axis a b, 
wd the advantage gained is in propor- 
tion as the ciroumferenoe of the wheel 
is greater than that of the axis. The 
pr^ecting spokes X have the effect of 
increasing the diameter and circnm- 
ference of the wheel, and of course of 
increasing the power. 

11, Cranes of all kinds, windlasses, 
capstans, and those axles turned by 
means of winches, are all to be refer- 
red to the wheel and axis, of which 
they are so many species. 

/Vg. <r. 

QUESTIONS FOR EXAMINATION. 

1. For what are the mechanical powers used? 

W’hat are the mechanical powers? 

3. What is a lever, and how many kinds of levers are there "i 

4, jBxplain the different kinds of levers. 

5, What instruments are to be referred to the lever of the first 
kind'! 

6 . What are to be referred to levers of tbe second kind? 

7. What are to be referred to levers of the third kind ? 

8, To which of the lovers is a hammer in the act of drawing a 
nail to be referred ? 

' What is the general maxim with regard to the mechanical 
powers? ♦ , 

10. Of what does the wheel and axis consist ? 

11. What machines are to be,i<elisrrcd to the wheel and axis? 
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LESSOI^ THE FIFTH. 

MECHANICAL POWERS. 

1. The thir4 mechanical power is the pulley, which 
is a small wheel turning on an axis, with a nme passing 
over it. It is used {p c^nge the direction of a weight; 
which may be raised to any height by a person not 
moving from his place. 

5. Pulleys may be either fixed» at Z Z, or 
moveable, aa X: the tingle 6xed pulley, 
fig. 7, gives no mechanical advantage, but 
is only used to change the direction of a 
weight. The moveable pulley X, fig* 8, to 
which the weight W is attached, rises and 
falls with the weighty, and the advantage 
gained by this pulley is as two to one; 
that is, a power p of 41b. will balance a 
weight VV, of 81b.: for the power m^vea 
through twice as much space as the weight. 

3. The advantage gained by pulleys is 
found by multiplying the number of pulleys 
in the lower block by that is, if instead 
of one pulley X, there were S or 4, there 
must, in that case, be 3 or 4 in the upper 
block, and the power gained would be es 
6 or 8. 

4. The fourth power is the incUnei plme, which is 
made by planks, &c. laid in a sloping direction, on 
which large and heavy bodies may be more easily 
lowered or raised, than by a mere lift. 

6. ITie wedge may be considered as two equally in- 
clined planes. 


C 


A 

Fig, 10 . 

6. The advantage gained by an inclined plane is in 
proportion as the length of the ‘plane CD, fig. 9, is 





Fig, 7 . figf 8 . 
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greater^tHaa the. height AC: and the advantage gained 
by the wedge is in proportion, ai tlie leiigtlh of the two 
«des S S, SS, see fig. 1,0, p. 221, is greater than the 
length of the back. $ 

Kacplanation. — If C B, see fig. 9^ p, 221, he three feet, and 
C A one foot, then a force of one pound mfi sustain the roller 
£ of three piounds. And if the sides of#ie wedge, see fig. 10, 
be each 6 inches, and the hack be 2 inches, then two weights, 
r and s, each lib. would sustain 121b. placed on the hack 
$ S, of the wedge, or suspended by the hook 

7. Chisels, hatchets, and other sharp instruments, 
which are sloped down to an edge on one side only, are 
to be referred to the inclined plane; and those instru- 
ments that are sloped down on both sides, act on the 
principle of the wedge. 

8. The principal use of the wedge consists in its being 
urged by the stroke of a hammer, mallet, &c. and not 
by mere pressure. By repeated blows the wedge is used 
to split wood, rocks, dfc. 

9. The last mechanical power is the snew, A B. 
fig. It, which is always used with a lever C D| 
and which gains advantage in proportion as the 
circumference of the circle made by the lever is 
greater than the length 'between two threads of 
the screw. 

to. The screw is used for pressing light bodies 
close together, as in presses for paper-makers, 
bookbinders, packers, ,&c. A edmmon cork- 
screw in passing through the cork acts upon tins 
principle. 

Fig, 11. 

1 1 . When a screw in a ^heel, it is called an end- 
less screw, 

12. In the application of the mechanieal powers one- 

fourth, and ofmn one-third, must be allowed to over- 
come the friction to which in practice they are all liable : 
that is, if 60 pounds are required to balance any 
weight, then 75 or 80 pounds will be required to put it 
in motion. c 

13. The capital advantages of the medianical powers 
are, that by fiieir means, we can raise and move from 
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place to placse large wdgbts, as blodcs of stone; that we 
can give almost any difeition to the moving power, and 
apply its action at a distance from the body to be 
moved. • 

QUESTIONS Eoa EXAMINATION?. 

1. What is tbs fourth m^cbanioal power? 

S. How many kinds of puUeya are there ? 

3. How do you estimate the advantag^e gained 1 

, 4. For what is the inclined plane used? , 

5. What is the wedge? 

6. How do you estimate the power gained by the inclined plane 

and wedge? * 

Give the explanation by means of the figure. 

7. What instruments are to be referred to the inclined plane, 
and what to the wedge ? 

8. In what does the chief use of the wedge consist? 

9. Which is the other mechanical power, and in what way 
does it gain advantage ? 

10. For what is the screw used? n 

11. What is meant by an endless screw ? 

12. What is to be allowed for friction in the application of the 
mechanical powers ? 

IS. What are the capital advantages of the mechanical powers? 


LESSON THE SIXTH. 

MOVING POWERS, 

1. The principal moving powers are the strength of 
men, horses, and oxen ; the force of running water and 
of wind : the force of steam, and the weight of heavy 
bodies. 

2. In clack's, jacks, &C, a weight is the first mover, 
which is easily applied ; and its action is very uniform, 
but as the powfer requires to be frequently renewed, it is 
used only in slow movements. 

3. The spring is a useful moving pp^r, but requires 
also to be wound up occasionally, and it differs the 
weight in this^ that the action is never uniforna, being 
strongest when most bent. 

4. A pendulum is a heavy body suspended by a 
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stnfiill Stringy in^ke, &c. whidi is moveable oil &uti*e; 
each &wupi^ of a |>endulum ie mlHd a t^tbroHon or oscil^ 
tation, / 

5, All the vibrations of the s&me peudolom, whether 
great or small, are performed in times, 

6; The swinging of a pendnkm 4s nsed for measuring 
time; one that swings seconds is iittle more than 39 
inches long : and one that swings half seconds would be 
39 S 

ssr 9,75, &c., ora little more than 9| inches; and 

to vibrate once in two seconds it must be 39 x 4 — 156 
inches. '* 

7. The longer the pendulum, the slower are its vibra- 
tions ; therefore, as heat lengthens the wire on which it 
swings, a clock is liable to lose time in summer, and to 
gain time in winter, when the cold contracts the wire. 

QU3£8TlONS FOn EXAMINATION. 

1, What are the ^ 

1^. What is the principle of a weight attached to clocks and 
jackal 

3. What are the propartiea of a spring t 

4. What do you niean by a pendoluid ? 

5* iJow are the Ttibrations of a pendulum performed ? 
eft For what is the. swinging of a pendulum used? 

7. What is the cause of irregularity in clocks? 


HYDROSTATICS. 


** Hydrostatics is the science of weighing iluids : and weigldng bodies 
In SttldH. * 


The object of hydrostatics is the consideration of the pro- 
perties and ettects of fluids* By the, term fluid is understood 
evei^^ body whose paHs bate so small cohesion, that the least 
force applied more in one direction than auotheri will pro- 
duee a motion among them. 

The cause of fluidity is not perfoetly knou^i. Some arc of 
opinion that the parrif^s uf ^uids are spherical, and in con- 
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sequent of touching cac^ other, m few points only, 
cohere very felkhtly, and slide over each other. But 
that the pnrticfes of fluids are of the ssme nature or flgure as 
those of wlida seems pr(^ahl0 hrom like very frequent con- 
version of the one into the <)ther. ^ Though fluids are subject 
to the same laws of gravity with solids, yet their want of 
cohesion occasbns some pecdiarities. The parts of a solid 
are so connected tc^eether, as to form hut one and the same 
whole; and their effort is, as it were, conc^teted.in i smgle 
point, called the cenl^ of grav^. This is hot the case with 
fluids: their parts gravitate mdependently of other. 
And thus it is that the surface of a fluid (»ntai|iied in an open 
vessel is always level. It is a remarkable property of fluids, 
that they press not only in common with eohds perpendicu- 
larly, but m every direction equally. 


LESSON THE FIRST. 

FLUIDS, THEIU PEFaSURja AND LAWS. ^ 

1 . Fluids are bodies, the parts of which yield to any 
impression : tliey are of two kinds, viz, elastic, as air, 
steam, and the different gases; aswi non-eict&tic, as 
water, oil, mercury, &c, - 

2. The science of hydrostatics treats of the v^eight, 
pressure, and other m^anical properties of 

fluids, particularly of water. . 

3. Fluids, like solids, are subject to the laws of 
gravity; but the pressure of fluids is equal in every di- 
rection; viz. upwards and sideways as well as down- 
wards, but that of solids is (Mily towards the centre of 
the earth. 

4. The surface of different portions of water which 
communicate with one another will be perfectly level 
while at rest. 

Example. — ^If any number of tubes, joined together and 
communicating at the bottom, be placed m any direction, and 
water poured into one, it will be feun^ that it stands at the 
same mvel in all. 

5. On this qirinciple water b earned in pipes to any 
distance, and raised to the sameh^ht in which it stands 

l2 
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in the reservoir; and springs will rise as high> or 'dearly 
so, as the sources from which tlifiy procseed* 

6, The pressure of water is in proportion, not to tlie 

quantity, but to the perpepd|0d^ height at which it 
stands, and is exerted in viz, downwards, 

upwards, and sideways, V J V 

7, The liorizontal bottom of a vessel sustains the 
pressure of a column 6f tlie fluid, the base of which 
is tlie bottom of the vessel, and the perpendicular height 
is equal to the depth of the fluid ; therefore a given 
quantity of water may exert a greater or less force, ac- 
cording as the perpendicular height of it is greater or 
less. 

8, Any quantity of fluid, however small, may be made 
to counterpoise any quantity however large,, which is 
called the hydrostatical paradox. 

Example. — ^Two upright vessels open throughout, united at 
the hottoni ; if the one hold a gallon, and the other only a 
pint, the fluid in the one will balance that in the other, and 
they will be level at the surface. 

. QUESTIOKS FOR EXAMINATION. 

are fluids, and how are tiiey distinguished? 

’‘iSl. What is the object of the science of hydrostatics? 

3. To what laws are fluids subject, and how is the pressure es- 
timated? 

4. What is the rule for diflerezit portions of water that have a 

communication ? ‘ 

Give the example. . 

5. To what does this principle go ? 

6. How is the pressure of w’Bter estimated ? 

7. What pressure iS sustained by the horizontal bottom of a 
vessel? 

B. What is meant by the hydrostatical paradox? 
s. Give the example. 
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LESSON THE SECOND. 

■ '"‘f ' ''' ' ''* 

1 . Every body ligtet tim water, or <3mt &mms iri it, 
will displace exactly as muc^ of the water as is equal to 
its own weight. 

2. Every vessel floating on the water displace as 
much of the water as is equal to the vessel and ladiz^ 
in weight, and if more weight be added, the veii^ wifi 
sink deeper. 

3. Everybody heavier than water, or that sinks in it, 
displaces so much water as is equal . to the bulk of a 
body. On this principle ^ derived the spedflc gravid 
ties of bodies. 

4. By the sjpec^c gravities of bodies are mennt the 
relative weights which equal, bulks of different bodies 
have to each other ; these are found by weighing them 
in water. 

5. If a body be suspended in water, it will lose as 
much of its weight as is equal to the weight of an, equal 
bulk of water. 

Example. — ^If a piece of glass weighs in air two poiin<!s,>MB& 
when suspended in water it weighs but one pounds it will be 
found that a quantity of water equal to the bulk of the glass 
weighs one pound also. ^ 

6. The specific gravities of bodies are inversely as 
the weights which they lose by immersion in water, 
that is, die body that is heaviest will lose least in water. 

Illustration. — Here are three bodies that will sink in 
water, viz. of coal, stone, and lead, and all of eqqal weights. 
They are of diflerent sizes, the coal b0h^ tha largest, and the 
lead the least, but as they lose weight in i^er in proportion 
to their bulks, the coal will lose die most and lead the 
least; therefore the specific gravity being inversely as the 
weights they lose, the coal losing the most will be the lightest, 
and the lead losing the least will he the heaviest, and the 
stone will be intermediate between them. 

7« The specific gravides of all solid bodies that sink 
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in may be fc^nd, §rst by weighing the Itody in 
the usual way, tlien in water, Vnd dividing the first 
weight, by what it lias lost in the water, the quotient is 
the specific gravity of the body# 

Example l.'-rA g^ea weighs 129 grams; being sus- 
pended in water it msplaces as muth water as is equal in bulk 
to the bulk of itself, -which is equsl to 7i grains : in other 
words it loses of its wei^t in water 7t grains; and 129 
129 

divided by 7i or in decimals 17.793> wiucdi proves 

the guinea to be almost eighteen times heavier than wafer. 

Example 2. — ^This piece of brass weighs I ounce, or 240 
grains. I suspend it in u^ter and find it weighs only 210 
grains, it has lost 30 grains; therefore 246 divieled by 30 
gives 8 ; of course the specific gravity of the brass is eight : 
or the brass is eight times heavier than water. 

8. Pure rain-yaler in all parts of ^he world is of the 
same weight j and a cubical foot weighs 1000 ounces 
avoirdupoise ; hence, if the specific gravities of bodies 
are known, their real weights are obtained. 

Example.— A cubical foot of yrater weighs 1000 ounces ; 
therefore a cubical foot of gold, like the guinea, would weigh 
17-793 ounces, and a cubic^ foot of brass would weigh 8.(M)(I 

9. If the same body, as a piece of glass, or ivory, be 
weighed in dififerent fiuids, the specific gravities of the 
fiuids will be lost. 

Example 1. — ^This ooniciil piece of glass suspended in water 
loses 803 mins ; in milk it loses 831 grains ; and in spiiit 
of wine it lostat 699 iprains ; therefore the ^eoific cavities of 
water, milk, and spirit of wine, are 803, 831, and w9. 

Example 2. — To find the real weight of the milk I say as 

803 : 831 i < 1000 : 035. Hurt i», a cubical 

foot of the milk weighs 10351b. or 35 lb. more than the same 
quantity of water. 

10. An hydrometer is an instrument for obtaining the 
specific gravity of bodies. It consists of a ball of glass 
or ivory, to which is attached a graduated stem, and as 
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it sinks more or less 'in| the fluid, tbe fluid is lighter or 
heavier. 

Example. — ^It will sin^deeper in ipii^ of wine than in 
water, and deeper in water than in milk j and the degrees on 
ihe stem are so made 0$ to tpitaie gi^vities ,of the 

fluids at once. ' , 

QUESTIONS FOk, EXAHINAIION* 

1. In what case WHI a body awlqi in water, and propot' 
tion of the wat4ff will it diaplace ? 

2. What is the proportion of water that floatbg veiMa dis- 
place ? 

3. What proportion of water doe« a body disfdaoe that in 

water ? ' ■ ' ' , ^ , 

4. What is meant by the specific gravities of bodlea t 

5. How much weight does a body jkMie by being suapended in 
water ? 

Give the examine. 

6. How are the specific gravities of bbdiea estbnated? 

Give the iilustration. 

7. How are the specific gravities of solids found?, 

Q. What is the weight of pure rain-water, and to what does 
this lead ? , ' 

Give the example. * 

9 . How do you obtain the Specific gravities of fluids! ^ 

Give the example. 

10. What is an hydrometer, mid of what parti does it consist? 

Illustrate this by an example. 
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HYDRAULICS. 

OK THE ^TMOK, 

*' 1 see the rocky stj^hoi^b stretch'd immense* 

The mighty reservoirs ol hardend’d chalk, 

Of stifT-cojnpacted clay, cajiacious form'd.** — Thomson, 

Hydraulics is the scietice which teadies how to estimate 
the swiftness and force of fluids in motion. 

A syphon, generally used for decanting liquors, is a bended 
pipe, whose legs are of unequal lengths. If a small bent 
tube, whose legs are of equal length, he filled with water and 
turned downwards, the fluid will not run off, but remain sus- 
pended therein, so long as it is held cRaetly levels hut when 
an inclination is given to either leg, whereby the perpendi- 
cular altitude of one is in effect made shorter than other, 
the water will flow from the lowest leg, and will continue to 
run till the vessel is emptied. 

The theory of this is as follows : the air is a fluid, whose den- 
sity near the surface of the earth is experimentally found to be 
that of water, at a medium, as 1 to 850; so that 850 gallons of 
air near the earth, w'eigh as much as 1 gallon of water. Now, 
according to the nature of all other fluid bodies, the air 
presses the surface^ of all things exposed to it every way 
When, therefore, the legs of the syphon, equal in 
length are turned down, the weight of the atmosphere above 
being kept off by the machine, the under air bearing against 
and repressing the water, which tends to fall out of both of 
them with equal force, keeps it in suspense, and prevents its 
motion; but when, by inclining it to either side, we in effect 
shorten one of its legs, and lengthen the other in per{)endi- 
cular altitude, the balance is destroyed, and the longest will 
preponderate. 

Mercury may be drawn through a syphon in the same 
manner as water; but then the utmost height of the syphon 
must always be less tliau 30 inches, as mercury is nearly 14 
times heavier than water. The syphon may be filled by pour- 
ing some of the fluid into, it, or by placing the shorter, leg 
into the vessel, and sucking the liquor through the longer 
Syphons are extremely convenient for decanting liquors 
of various kinds, as they do not disturb the pediment. 

The syphon may be fii^ised in such a manner as to pro- 
duce many entertaining effects. It is frequently placed in a 
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cup» iv^lfich is called Tantalus’s cup^ firom tlie celebrated fable 
of Tantalus, who is rcprtsented by the ancients as suffering 
continual thirst, and though he is in the midst of water, is 
unable to assuage his tbir^ ! 

£*en Iq the circlIUR rs&eshmtnt craret, 

And pines vith thirst amidst a sea of waves ; 

' Aad when the water to hi« UpS appUes, 

13ack from his Ups the tii^b^rous fluid flies/* 

In the cup there is a hollow ffgure Tantalus, and if water 
is poured into it, so that it iSioU newly readi tp #ie lips of 
the image, the winter immediately sinhs^ smd is drawn off 
again. The truth is there is a sy^^on concealed within Ihe 
image, and when the water is poured into 1^ cun, so as 
nearly to reach the lips, the fluid is then laWd anove the 
bend of the 8yph<m» which of course then begins to act, and 
tlie water is drawn off by tbe longer leg in tbe manner al- 
ready described. Sometjines the syphem is concealed in tbe 
handle or in another pari of the cup, in such a manner, that 
when a person raises it to his lips to diink out of it, the fluid 
which It contains shall be carried over the bend of the syphem, 
and it will then be drawn off by the hn^r leg, so that the 
person shall not only be disappointed of his draught, but will 
We his clothes well splashed, to the great amusement of the 
by-standers. 


LESSON THE FIRST. 

DESCRIPTION OP THE SCIENCE. 

1. The science of hydraulics teaches us how to esti- 
mate the velocity and force of fluids in motion; and 
the means of raising them in pumps, &c. 

2. Water can be only set in motion — (1.) By its 
own gravity ; as when it is allowed to descend from a 
higher to a lowor level: or (2.) By an increased pres- 
sure of tbe air: in the former case it will seek the 
lowest situation, in the latter it may be forced to almost 
any height. 

3. If the pressure of the atmosphere be removed, 
water will rise above its natural level; as is the case in 
the action of the syphon. 

4. A syphdh is a bent tube^ one of whose legs is 
longer than the other. The shorter leg is immersed in 
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the Hquor that is to be drawn off, and the pre^ure of 
the air being taken from that pak of the surface of the 
liquor within the tube, the liquor will rise above its 
natural level in the vessel, andevill flow off through the 
longer leg. 

5. A syphon may be used by fillmg it with water or 
some other fluid, stopping both ends with the finger, 
and in this state inunersing it in the vessel : the fingers 
being removed, the water will flow out of the longer 
leg, by its own gravity, and afterwards by the pressure 
of the atmosphere on the liquor in the vessel. 

6. Intermitting springs are caused upon the principle 
of the syphon. 


Illustration. — In fig. IS, 
Dia a reservoir iinder ground, 
wliicb becomes filled with 
water by means of raiu, 
snow, &:c. draining tbrough 
the earth. ABC is a sort 
Fig, 13.7 natural syphon which can- 

not begin to act till the water in the reservoir comes to the level 
ND, it then begins to run, and will continue to flow till the 
reservoir is empty. It will now stop till it is again filled up to 
the same level N D. 



velocity with which water spouts out at a 
hole in the side or bottom of a vessel, is in proportion 
to the square root of the distance from the nole below 
the surface of the water. 


Example.— If at the distance of one foot from the surface 
the velocity is 1, another hole at four feet from the surface 
would give the velocity of 2, and at nine feet there would he 
a velocity of 3. 

8. The pressure of water against the side of a vessel 
is as the square of the depth. 

Example. — If a Vessel be 3 feet deep and filled with water, 
the pressure upon the first foot will be ly on the first and se- 
oond it will be 1 + 3 4, and on the whole side it will be 

1 + 3 -f $ = 9. 

9*, .Water by its pressure may be conveyed over hills 
and "vajteys in bended pipes, to any height not greater 
thain the level of the spring. 
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Examfjles.— ^Water is cjmed from the New River Head at 
lalington to all parte of London : and the water on the Hampf 
stead and Highgate hills supply the houises hi Kentish Toyqn, 
and the adjacent villages, s^inatcd in the low grounds. 

* 10. The emnmon pump, fig. t^, sometimes - 

called the sucking pump, consists >of a pipe | 

open at both ends, in which is a moveable' .ljIq 
piston that fits the bore exactly.' ^ |||F 1 

11. The forcing pump, fig. 14, consists of 
a pipe or barreh a plunger, and two fixed % 

valves, BO disposed as to let the water rise | n 

freely, but to hinder its return. A 

iLLiTSTAAiiON.'^In fig. l3 we have a re- ti mijr^ p 
presentation of a common pump, and in If 

fig. 14, one of a forcing pump. The end B ^|[ 

stands in water, as a well, and at D H there 
is 8 valve h, which opens upwards, and one 
of the same kind also, a in the piston G. The 13. 

piston moves up and down in the pipe AD, 
but is air tight. K the piston G be fi^ropd || 1e 

down, tho air between a and h will * d| (ui 

through ff, but cannot return, so that m p > 

ing up the piston there would be a vacuUm | £ rL- \ 

under it; but the pressure of tlie atmosphere , j;^} j| 
on the water in the well forces the water up ® 
into tho pipe A D, and when the piston is | 1 

forced down again, the water makes its way 
through a, and as it cannot return, it will, on II 

lifting up the piston, be thrown out of the || I 
spout J, and the operation may be continued -IwA , . „ 
at pleasure. 

In the forcing pump there is a valve open- 
ing upwards at D H, which admits the water 
into the space G H, but the plunger G is solid, this when forced 
down drives the water through the pipe M, into the vessel K K, 
from whence the valve at a prevents its return. The pipe G H is 
fixed into the vessel so accurately tliat no air can escape, there- 
fore the pressure of the air in K K, on the water X X, forces the 
water up a stream Z, and the more water is forced and the quicker, 
the higto will be the stream. 


12. By the common pump the water can only be 
raised about 33.feet High, because the effect is produced 
by the pressure of the atmosphere; and the weight of a 
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column of the whole atmosphere is equal only to an 
equal column of water 33 feet Ijigh. 

13. By means of forcing pumps water may be raised 

to any height above its own provided the ma- 

chinery be sufficiently strong and powerful. On this 
principle engines for putting out fires, and for watering 
gardens are formed. 

14. The steam-engine consists of a large cylinder or 
barrel, in which is fitted a solid piston like that of the 
forcing pump. The steam supplied from a large boiler 
dose by, forces up the piston, and a valve is instantly 
opened, through which cold water rushes, condenses 
the steam, and causes the piston ,to descend by its own 
weight. By this alternate motion die giandest opera- 
tions are performed, 

QUESTIONS FOk EXAMINATION. 

1. What does the science of hydraulics teach? 

2. How is water set in motiori ? 

3. In what case will water rise abore its level ? 

4. What do you mean by a syphon, and how does it act ? 

5. Can it be used any other way? 

What are intermitting springs ? 

Ipustrate this by the figure. 

What is the rule with respect to the velocity of water 
fipouting out at a hole 1 

Give the example. 

6. What is the rule for estimating the pressure of vrater against 
the side of a vessel 

, Give the example. 

9, How high can water be carried in pipes ? 

Mention the examples. 

10. Of what does the .common pump consist ? 

11. Of what does the forcing pump consist? 

Look to the figures and explain the structure and operation. 

m. How high can water be raised by a common pump, and why ? 

15. What are the neceasiuy requisites of foroing pumps, and 
What engines are made on this principle ? 

14. Explain the princifde the Steam engine* 
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PNEUMATICS, 

OF THE PHENOMENA OFItiE ATMOSPHERE. 

** Diflu wug gently it« etiltrening power, 

The geuial air, we all around uh feel , 

Cheeniig. though uuexplorc^d by human sight,*' ; 

Mrs, JBdtbMd, 

The word phenomena^ which stands at Ihc head jof this lesson^ 
is one of very frequent occurrence in'seientide compositions; 
it means, aimpiy, appearance. It is derived from the Gre^ 
verb pHAiNOMAi^ which si^ifies to apj)ear; but it is gene- 
rally used to indicate any striking or remarkable appearance. 
The atmosphere^ as the student will find in the following 
lessons, means that mass of air which gnrrotmds this •'globe. 
Various conjectures have been made with respect to the 
height of the atmosphere; and as we ‘know to a certainty 
the relative weight of a column of the atmospliere by the 
height to which its pressure wiill raise water or mercury in 
any empty tube, so JifFerent calculations have been founded 
on these data, to asceitain its extent as well as its. density at 
different heights. If the air of our atmosphere was, indeed, 
every where of a uniform density, the problem Would be’ Vo^ 
easily solved. Wc should in that case Imve nothing more to 
do than to find out the proportion between the height of a 
short pillar of air, and a small pillar of water of eqtial weight; 
and having compared the proportion the heights of these • 
beai- to each other in the small, tlie same proportion will be 
sure to hold in the great, between a pillar of water SS.feet 
high, and a pillar of air that reaches to the top pf the atmos- 
phere, whose height I want to know. Thus for instance, , we 
find that a certain weight of water reaches 1 inch high, and 
a similar weight of air reaches 72, feet high; this then is the 
proportion two such pillars bear to each other > in the small, 
Kow if 1 inch of neater is equal to 72 feet of ait, to how much 
air will 32 feet of w^ater l>e equal? By. the common rule of 
proportion I readily find that 32 feet or 384 inches of water 
will be equal to 331,775 inches, which makes something more 
tlian 5 miles; which would he the height of the atmosphere, 
was its density every wdiere the same as at the earth, where 
72 feet of air Were equal to 1 inch of w ater. 



8B6 lNT»oi)CCTIOK TO 

^ JBut thift i« net really the case; for the air»s density is not 
where the same, hut decrelaes as the pressure lipon 
it decreases ; so that the air becomes lighter and lighter the 
higher we ascend; and at the uuner part of the atxoosphere, 
where the pressure is scarce any thing at all, the air dilating 
in proportion, must be espand^d to a suiprising degree; and 
therefore, the height of the. atmosphere must he much greater 
than has appeared by our calculation, in which its density is 
supposed to be every where as great as at the surface of the 
earth. In order, therefore^ to determine the height of the 
atmosphere more exactly, geometricians have endeavoured 
to detennuie the density of the air at dilTerent distances from 
the earth. The following sketch will give an idea of the 
method which some geometricians have taken to determine 
this d^sity, which is preparatory to finding out the height 
of the atmosphere more exactly. 

Let us suppose a pilhir of air to reach from the top of the 
atmosphere down to the earth’s surface; and let us tdso sup- 
pose it marked like a standard by inches from the top to the 
bottom; let us still further suppose, that each inch of air, 
if not at all compressed, would weigh one grain. The top- 
most inch then weighs one grain, as it suffers no coiupres- 
sure whatever ; the second inch is pressed by the topmost 
with a weight of one grain; and thus added to its own na- 
tural weight or density of one grain, now makes its density, 
wldcli is ever equal to the pressure, two grains. The thirtl 
i^hr is pressed down by the weight of the two inehos above 
•'iC whose weights united, make three grains, and these added 
to its natural weight, give it a densiW of four grains. Tlie 
fourth inch is pressed ly the united weight of the three above 
^ it, which together make seven -grain.s and this addt^d to its 
natural weight give it a density of eight grains. The fifth 
inch being passed by all the former fifteen, and its own 
weight addea, gives it a density of sixteen grains, and so on, 
descending downwards to the Imttom. The first inch has a 
density of oqe, the second inch a density of two, the third 
inch a density of four, the fourth inch of oight, the fifth of 
sixteen, and so on. Thus the inches of air increase in den- 
sity as they descend from the top, at the rate of one, two, 
four, eight, sixteeni thirty-two, sixty-four, and so on, which 
is called geometrical progression. ' Or if we have a mind to 
take this backwards, and begin at the bottom, we may say, 
that the density of each of toese inches grows less upward 
in a geometrical progression. If, instead of inches, wes up- 
pose the parts into which a pillat of air is divided to he ex- 
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^eiaely like tbas6 <fi mt, the rule wiH hold good in 
these as well as in those,* So that we may generally assert, 
that the density of the air from the surfsioe of the earth de^ 
creases in a geometrical proportion. 

This being understood, Ihould 1 now desire to know the 
density of the air at any certain height, I have only first to 
find out how much the density of the air is diminished to a 
certain standard height, and thence proceed to tell hOw much 
it will be diminished, at the greatei^ heights that can be ima- 
gined. At small heights the dimmution of its density is by 
iraetional or broken numbers. We will suppose at once then, 
for greater ease, that at tlie height of five miles, or a Dutch 
league, the air is twice less dense than at the surface of the 
earth: then at two leagues high, it must he four times <fiinner 
and less dense ; and at three leagues, eight times thinner, and 
so on. Instead of Dutch leagues, suppose we took a €^rman 
league of seven miles, and that it was four times lass dense 
at the height of the first German league, then it would de- 
crease in the same proportion, and be four times dense 
than the- first, at the second league, that is, sixteen times; 
and four times less dense than the second, at the third league, 
tliat is, sixty-four times ; and four times less dense than the 
third at the fourth league, that is, two hundred and fifty-six 
times less dense than at the surface. In short, whatever de- 
crease it received in the first step, it will continue to have ul 
the same proportion in the second, third, and so on; and 
tills, as 1 have said, is cidled geometrical progression. • • 

Upon the same principle it was attempted to calculate the 
height of the atmosphere. By carrying a barometer to the 
top of a high mountain, the density of mt air at two or three 
difi'erent stations was easily ascertained. But alas! so feeble 
are human efforts in endeavouring to comprehend and mea- 
sure the works of the Great Creator, that thie theory was 
soon demolished. It was found that the barometrical obser- 
vations by no means corresponded with the density whidi 
by other experiments, the air ought to have had; and it was 
therefore susjiected, tb^ the upper parts of the atmosphere 
were not subject to the same laws or the same proportions as 
those which were nearer the surface of the earth. ' Another 
still more ingenious method was therefore devised. 

Astronomers know, to the greatest exactness, the place of 
the heavens m w'hich the sun is at any one moment of time : 
they know, for instance, the moment in which it will set, and 
also the precise tfine in which it is about to rise. However, 
upon awaiting Ills appearance any morning, they always see 
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tbe light of the sun before ite b<^y^ asiil they see the sun 
itself some 'mimites sooner above* the mountam top, than it 
ought to appear from their calculations, f wihght they see 
long before the sun appears> ami that at a time when they 
know that it is eighteen degrees lower than the verge of the 
sky. There is then in this case something that deceives our 
B^ht; for we cannot suppose the sun to he so irregular in 
his motions as to vary every morning ; this would dia&trb the 
regularity of nature. The deception actually exists in the 
atmosphere. By looking through this dense, transparent 
substance, every celestial object that lies beyond it is seem- 
ingly reused up, in some such manner as we see a piece of 
money look as if raised higher in a basin filled with water. 
From hence it is. plaim that if the atmosphere was away, the 
sun’s light would not be brought to view so long in the 
morning before the sun itself actually appears. The sun 
without the atmosphere^ would appear all blazing in light the 
instant it rose, and leave us in total darkness the Instant of 
its setting. The length Of the twilight, therefore, is in pro- 
portion to the beigm of the atmosphere; or let me invert 
this and say, that tne height of the atmos|>here is in propor- 
tion to the length of the twilight. It is generally found by 
this means to he about forty-dvo miles high, so that it was 
hence conduded either that, that was the actual limit of the 
atmosphere, or that it must be of an extreme rarity, indeed, 
at that height. 

» Jfbe densil^ of the air, however, dc^nds not merely on 
” the pisessure it sustains, but On otli^ circumstances; so that 
it varies even at the same hei^t in different parts, and even 
in the sain^ place at different times, \as is seem by the mer- 
cury in the baroxnpter risii^ to different heights according to 
the state of the weather^ Heat in particular is a very power- 
, fill cause in rarefying the air. . From this circumstance arises 
one of the most striking and formidable of the atmospherical 
phenomena, 1 mem the wind* Wind is nothing but a strong 
current or stream of air. Whenever, therefore, the air is 
heated by the sun, dr by any other it will bc fareii^ 

and less able to resist thc^pressure of the adjacent aiV, which 
will consequently tush in to restore tW equilibrium, to speak 
in the technical language of philosc^hy, or in plain terms, to 
reduce the rarefied ^art to a uniform ^osity with the otl^r. 
Hiis current of air is Sensibly felt near the door of a glass- 
house, or wherevmf^ there is a large pee, A current of air is 
also to be perceived rushing through the Key-hole, or any 
chink or crevice, itdo a heated room. This may serve to 
give the student a general idea of the causes of winds. 
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LESSON^THE FIRST* 

AIR AITJJ m 3?R0PERTI£S, 

1 . The science of pneumatics treats of the mechanical 
properties of elastic fluids, such as their weight, density, 
compressibility, and elasticity, 

2. Tlie air which we breathe, and in which we live, 
surrounds the earth, and extends to a very considerable 
height above it on all sides- 

3. The air together with the clouds and vapours 
floating iT\ it, is call the atmosphere. The air is invi- 
sible because it is trdns[)arent. 

4. The motion of the hand or of a stick, or wliip, 
proves the existence of air as a resisting medium. 

5. The air, like other bodies, has weight: for if a 
quart bottle be emptied of air and weighed, it will be 
found 16 or 17 grains lighter than it was before ex- 
haustion ; air is therefore between eight and nine hun- 
dred times lighter than water. 

6 . The weight of tjie air is variable; its changes Und 

relative weights are ascertained by means of the baro-% 
meter; for as the mercury is higher or lower, the air 
is heavier or lighter- ' 

7. The air is iieavier near the earths sur&ce, and 
lighter as we ascend, till at length, in tlie h^her regions 
of the atmosphere, it is almost nothing at 

8. The air being a heavy body, presses. Hko Other 
fluids in every direction upon whatever is immersed in 
it, and its pressure is equal to that of a column of quick- 
silver, about. 29 or 30, inches in height. 

9. The pressure upon a common sjaed man is equal 
to more than 30,0001b. Weight, because the sui^ce of 
his body is about 14 square feet, or 2016 inches, and 
a column of quicksilver 29J inches high and 1 inch 
square, Weighs 151b., therefore the whole pressure will 
be 2016 X 15 =» 302401b. 

10. The external pressure of the atmosphere would 
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iiit€ri4al preesiire whidh 1^0^ 

11. Ilie air can be cotnpresai^ into a much less 
8{iace than it naturally occupy:®. 

12; The air is of an Mastic nalbure, and the force of 
its spring is equal to the cdmpr^ming^ force: 

13. Air-pumps are machines for exhausting the air 
from certain vessels adapted to the purpose : and by 
means of these the mechanical properties of air :axe 
completely ascertained. 


l^xplauatioa. — In fig. t , 
we have the repreaenta- 
tioa of a portable air^ 
patkip. B Bare two brass 
barrels, each containing 
a piston with a valve 
^Working upwards. Tbe 
pistons are worked by 
means of a winch W, 
which moves them up 
and down alternately. On 
the wooden frame \) £ is 
a brass plate ground per- 
fectly flat and even, and 
a tube communicating 
with the two cylinders and tbecoek I,Bnd opening into the centre 
of the plate X. K is a glass receiver to be exhausted of air, made 
to fit very accurately on the brass plate- Having shut the cock I, 
the pietons are worked up and down, and the mr is suffered to 
esoiqie by them at C C, but it cannot return. As the air is ex- 
hausted the receiver becomes immoveably fixed by the pressure 
of the external air^, there being none within to counterbalance the 
pressure firom without. 

QUESTlpl»S EXAMlTfATlOX* 

1. Of what does the science of pneuflMitios treat? 

How far does the eir extendi 
S. What is the atmosphere,, end ^hy ie it invisible ? 

4. How is the existence of the air jmown 1 
5- Has the air weighty and bow is it Xscettained T 
a: Is the we^ht Irbriable, and by what meanpi are its obaoges 
aacemined? 

r. Where is the ik besvier and where is it lighter ? 
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8. What ia the pressare of the air equal to ? 

9. What is the pressuri of the air on a common aiaed mao 
equal to, and why? 

10. Why is nut the external pressure of the air fatal to us ? 

11. Is the air compressible? 

1^. What is its elasticity equal to ? 

13. What are air-pumps used for? 

Explain the structure of one* 


LESSON THE SECOND. 

EXPERIMENTS. 

1 . If a light substance, as a feather or slip of paper, 
and a heavy one, as a penny or a guinea, be dropped 
together from the hand, the metal will reach the ground 
first, which proves the resistance of the air ; for 

2. If a tall glass receiver be exhausted of its air, and 
in that state a guinea and a feather be dropped from 
the top, they will both reach the bottom at the same 
instant, because now there is no resisting medium 
through which they have to pass, 

3. If air be 800 times lighter than water, then a* 
cubical foot of air will be equal to 1000 ounces divided 
by 800, or equal to ounce; therefore in a room 
25 feet long, 14 feet wide, and 12 feet high, the air will 
weigh 25 X 14 x 12 X IJ* or 5.250 ounces, equal 
to 3281b. 

4. If a cup of porous wood containing mercury be 
placed on the receiver of an air-pump, and the air be 
exhausted from under it, the external pressure of the 
atmosphere will force tlie mercury through the pores of 
the wood in a shower. 

5. If the air be taken from the pores of a dry piece 
of wood, and if then it be held under mercury while 

* Tlie number of cubical feet contained in any vpace la found bj 
multiplying the lengt^ breadth, and height into each other, and the 
product 4200 multiplied by 1^ (because each cubieid foot of air weighs li 
ounce) gives the weight of the air in ounces == 5250. 

M 
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the extiOTnal air is admitted into the receiver, tiie mer- 
cury will be forced into all the j^res. 

6. If two brass hemispheres three or four inches in 
diameter, made for the purpose, be put together, and 
the internal air exhausted, the pressure from without 
will require 150 lbs. to separate them. But if the ex- 
ternal air be taken away they will separate of themselves. 

7. If a square phial be exhausted of its air, while 
under a glass receiver, and the air suddenly let into the 
receilUl, as it cannot get into the phial, it will dash the 
sides to pieces by the pressure of the air. 

8. The elasticity of air is shewn by tying up a very 
small quantity of it in a bladder, and putting it under 
the receiver; when the receiver is exhausted the small 
quantity of air in the bladder will by its elasticity com- 
pletely fill the bladder, 

9. if a square phial filled with air, and accurately 
corked, so that none may escape, be put under a re- 
ceiver from which the air is to be taken, then the elastic 
force of the air within the phial will break it to pieces. 

10- I cover a small cork swimming on a vessel of 
water, with a glass goblet, which I force down perpen- 
dicularly through the water. The cork shews that the 
'surface of the water within the goblet is not on a level 
with the surface without, which proves that air is a 
body which prevents water from occupying the same- 
space witii itself, and ajso that air is compressible, be- 
cause the water ascends to a small height in the glass. 

1 1 . The smoke of a candle will ascend in the air, 
but in an exhausted receiver it will tall to the bottom, 
whicli shews that it generally ascends, because it is 
lighter than the air. 

12. The sound of a bell may be heard while it is 
under a receiver full of air, but as soon as the air is 
exhausted there will be no more sound. Hence air is 
necessary to the propagation of sound. 

13. Animals will not live, nor candles bum a single 
instant, in an exhausted receiver. 

14. In condensed T air the sound of a bell is much 
louder than in common air. 
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15. Air may be eon- 

used into fifty thou- 
sand times less space 
than It usually occu- 
pies, and on this prin- • 

ciple air-guns are constructed, which will kill birds and other 
animals at the distance of seventy or eighty yards. Fig. 

Explanation. — The air-gun in shape is like a eoinmon 
musket^ but just below the lock is a copper ball, A, wbich 
screws off and on: when detached from the piece, it is charged 
by means of a syringe, with condensed air, and Idien screwed 
on again. The ball has a stop-cock at a which is shut when 
it is not on the gun. The bullet is rammed in Ihe same way 
as we charge a musket, but it must fit the barrd exactly: the 
stop-cock is now turned, and by drawing the trigger, a small 
valve is opened at the bottom of the barrel, which suffers so 
much of the condensed air to escape as will force out the 
bullet to the distance of sixty or seventy yards. The bdl A 
will contain eight or ten charges, and as there are two halls 
to a gun, one may he ciuTied in the pocket to he made use , 
of when the other is exhausted. * 

Ql^ESTlOJJS FOR EXAMINATION. 

1. What experiment proves the resistance of tlie an ? 

2. In what case will a heavy body and a light one fall with 

tlie same velocity ? • • 

3. How much does a cubical foot of air weigh, and how do 
you calculate the weight of air in any space, as a room ? 

4. 13y what means can mercury be forced through wood ? 

5. How can it bo forced into the pores of wood? 

6. W hat IS the experiment with the brass hemispheres ? 

7. In what way can a square phial be broken by tbe external 
pressure of tlie air ^ 

d. How IS the elasticity of the air shown by a bladder? 

9. How can a phial be broken by the elasticity of tbe air? 

10. Wliat experiment shews that air is a body, and is also 
compressible '* 

11. Why does smoke generally ascend? 

12. Is air necessary to soidiid, and why? 

13. Is air necessary to animal life and combustion ? 

14- Is sound louder m condensed or in commern air? 

15. Can air be very much condensed, and what instruments 
are constructed by condensed air ? 

Explain the construction and use of the air-gun. 
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LESSON THE THIRD, 
r 

ON tHE ATMOSPHEEE AND METEOROLOGY. 

1. The atmosphere which surrounds the earth is es- 
sential to the existence of all animal arid vegetable life ; 
could it be withdrawn, the whole earth would be one 
continued scene of desolation : man, and other animals, 
would instantly die; vegetables would for ever cease; 
there could be no rain nor dew to moisten the ground, 
and the light of the sun and stars could render it but 
little advantage. 

2. The air in|ftOtion is wind. 

3. The mechanical force of the atmosphere, or wind, 
is of great importance in the affairs of men, who em- 
ploy it in the motion of their ships, in turning their 
mills, in evaporation, and in a thousand other opera- 
tions« 

4. If the atmosphere were in every part equally dense, 
it would not be more than about five miles in height, 
beeaiuse the weight of the atrqosphere being equal to a 
column of water 33 feet high, and water being 800 
times heavier than air, the height of the air would be 
800 X 33 feet = 26400 feet = 8800 yards = 5 miles. 

5. But as the density of air diminishes according to 
its height, it is found to be about 45 miles high. 

6. The atmosphere has a refracting power by which 
we see the light of the sun some minutes before it actually 
rises above the horizon, and some minutes after it has 
sunk below it, 

7. The atmosphere has dso a reflective power, by 
which objects are enlightened on all sides, and with- 
out this property in the air we should only see those 
parts of objects on whidi the sun directly shines. 

8. Atmospheric air cpnsists principally of two other 
gases called oxygen gas and nitrogen gas, in the pro- 
portion of about one . part of oxygen, and three of ni- 
trogen gas. 
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9. It supports combustion and animal life, , by the 
agency of the oxygen gas. 

10. The barometer is intended to measure the dif- 
ferent degrees of densijy of the atmosphere^ and the 
mercury rises and falls according as the we^ht of the 
aii;i8 greater or less, but it seldom rise^ higher than 
30J inches, and is but rarely so low as 28f inches, 

1 1 . The thermometer is designed to maii; the changes 

in the temperature of the atmosphere with regatd to 
heat and cold. Thermometers in this country are gra- 
duated upwards and downwards; 32*^ being put at the 
point of freezing, 55® is called temperate, and 76® summer 
heat. It has been known in this country as high as 94*, 
or 95®, and as low as 20® below 0, or 52® below the 
freezing point. || 

12. The hygrometer is an instrument contrived for 
measuring the degrees of moisture in the atmosphere ; 
it is differently constructed ; a very sensible one is 
simply a piece of whip-cord or catgut fastened at one 
end, and stretched over several pulleys, and at the other 
end are a little weight and index which move up and 
down a graduated scale. 

13. Hempen cords, shorten in damp weather, 
and lengthen when the air is very dry, and thefefol’e 
according as the index is high or low the ah' is moist or 
dry, which is the theory of this kind of hygrometer. 

14. The rain-gauge measures the quantity of rain 
that falls: it consists of a funnel 12 inches in diameter, 
attached to a tube 4 inches in diameter : in the tube is 
a floating graduated index which rises as the rain foils 
in the funnel and tube. By this instrument the 900th 
part of an ineh of rain may be estimated, 

15. One of a more simple construction consists of a 
funnel, the area of whose top is 10 square inches pre- 
cisely, and tlie quantity of rain fallen is estimated by 
weight. Thus, if 16 ounces of rain are collected then 
16 X .173 = 2,768 shews that the rain fallen is equal 
to rather more than 2J in depth. 

16. By the Agency of air, water is raised in vapour 
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from and forms cloudy which are seldom so 

high ^ lour or five miles. 

17. Clouds when sufficiently condensed either by the 
colder regions of the atniospherf, by electricity, or other 
causes, Ml down in rain, 

IS. When the higher rc^ons of the air are sufficiently 
cold, tlie vapours after condensation are frozen, and the 
particles descend in the shape of leathery flakes of 

SHOW* 

19. When the drops of ram are frozen as they fall, it 
descends in the shape of ke^L 

20. Dew which Mis in a summer *$ evening is part 
of the vapour raised in the day by the heat of the sun, 
which is conden^ and falls down with the evening’s 
cold. In cold d|^ts the dew becomes frozen in the 
form of hoar frost, 

QUESTIONS FOB. EXAMINATION. 

1. Of wbat use is the atmo£ipliere ? 

a* WliAt is wind t 

5. To whet purposes has the mechanical force of wind been 
applied ? 

4* ’If the atmosphere were eveiy^ere equally den^e, how high 
wpui 4 .it reach, and why? ^ 

5* How high is it actually ? 

6. What advantage is gained by the refracting power of the 
atmospliere 7 

7. What advantage is gained by the reflecting power of the 
atmosphere ? 

8. Of what does atmospheric air consist ? 

9. Which part of the air supports combustion and animal life? 

10. For what is the b^ometer used ? 

11. Tor what is the thermometer designed ? 

15, For what is the hygrometer intended? 

13. Explain the theory of the hygrometer: 

14. Of what does the rmn'*gauge consist ? 

16. What is the construction of a more simple rain>gauge ? 

16. How are clouds formed 1 

17. How is rain 'produced? 

IG. Of what is snow formed ? 

19. What is hail ? 

W* What is dew, how is it formed, and what is it when frozen t 
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ACOUSTICS. 

' • 

ON SOUND AND THE SENSE OF HEAHINO. 

** Mark how the spirits, watehfuHa tho ear« 

Seue undulating sounds, and cat^ tke vocal air.**— BlocAmorc, 

Sound may be defined to be a p^^ption ot the soul mm- 
muuicated by means of the ear ; or the effect of a collision 
of bodies, and a tremulous motion in consequence of that 
collision, communicated thence to the circumambient fluid, 
and propagated through it to the organs of hearing. 

To exi»lain this definition I must observe, that when obtuse 
bodies move in elastic fluids, they condense that part toward 
which they move, at the same time that part from which 
they recede is rarefied. This condensation or rarefaction 
must produce an mvdulatory or vibrating motiop in the fluid. 
Thus, il' a body by percussion or otherwise, be put into a 
tremulous motion, every vibration of the body will excite a 
wave in the air, which will proceed in all directions so as to 
form a hollow sjdiere ; the quicker the vibrations of the 
body succeed each other, the less will be the distance lietwcen 
each successive wave. The sensation excited in the mind by 
means of these waves, winch ,enter the ear and prodqce a 
like motion in a thin membrane,, stretched obliquely pic^i'x^ss 
the auditory passage, is called sound. But the term is fre- 
quently used to imjdy, not only the sensation excited in the 
mind, but likewise the aficction of the air, or of the sonorous 
body by which that sensation is produced. Thus we say, that 
a sound is in the air, or that a body sounds when struck, al- 
though the affection of the air or body is very different from 
the sensation. 

That bodies move or tremble when they produce soimd, 
requires no particular proof ; it is evident in drums, bells, 
and other instruments, whose vibrations being large and 
strong, are therefore more perceptible: and it is equally 
clear, that a similar vibration is excited in the air, because 
this vibration is communicated through the air to otlier bodies 
that are adapted to vibrate in the same manner ; thus bells, 
glasses, basins, and musical strings, will Sound merely by the 
action propagated from other soum^g b^es. 

It is established as well by mathematical reasoning from 
the nature of an elastic fluid, as fidm expenment, that all 
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sounds Whatever arrive at the ear in equal times froiip sound- 
ing bodies equally distant. This ^mmon velocity is 1 142 
l&iglish feet in a second of time. The knowledge of the 
velocity of sound is of use for determining the distance of 
ships, or other objects : for instaxice, suppose a ship fires a 
gun# the sound of which is heard five seconds after the flash 
IS seen; then, 1142 multiplied by 5, gives the distance 5710 
feet, or one Englisli mile and 430 feet. 

When the asrial waves meet with an obstacle which is 
hard, and of a regular muface, they are reflected, and con- 
sequently* an ear placed in the course of these reflected 
waves will perceive a sound sinuhir to the original sound, 
but which will seem to proceed ftom a body situated in like 
])osition and distance behind the plane of reflection, as the 
real sounding body is before it. This reflected sound is 
called an echo« 

This echo, or ref{]^pcu8sion of sounds, is chiefly observable 
in smooth, tortuous, and hollow places, as in valleys, caves, 
and walls, especially in old vaulted buildings. An echo, 
therefore, as a pleasing, and very often wonderful circum- 
stance, could not fail to enter into poetical descriptions, anil 
to be the subject of fiction and personification. The Hebrews 
styled Echo, the dau^ter, and the Greeks and Latins, tlie 
image nf the voice. Thus Virgil 

“ Nor hollow rocks that render back the sound, 

^ • And doubled images of rotce rebound.'’ — Dryden. 

and Horace 


‘ whose hallow’d name 
Tlie sportive image qf the ©o#Ve, 

Siiall in the shades of Helicon repeat, 

On I'lndus, or on Utnmus ever cool.” — Francis, 


Milton, moreover, makes a noble poetical use of the philo- 
sophy of echoes in Adames morning hymn. 

“ Witness if I ht silent, mom or even. 

To hill or valley, fountain. Or fresh shade, 

Made vocsl by my song, and taught his praise.” 

To return to the philosophy of the subject. The waves of 
$ound being thus refiexible, nearly the same in effect, as the 
rays of ligiit may be deflected, or mi^nified, by much the 
same contrivances as are used in optics. From this prin- 
ciple of refie<!tion it happens that soimds uttered in one focus 
of an elliptical cavity are heard much magnified in the other 
focus; instances of which, are found in several domes and 
vaults, particularly in the whispering gallery of St. Paul’s 
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cathedral in London, w]|ere a whisper uttered at one side 
of the dome is rede^ed to the other, and may be very dis* 
tinctly heard. On this principle also is constructed the spe8k<^ 
injf trumpet, which either ^s, or ought to be, a hollow para- 
bolic conoid, having a perforation at the vertex, to lyhich 
the mouth is to be applied in speaking, or the ear ih hearing. 

But to what purpose .would be all these observations on 
the uatme and properties of sound, if the human frame were 
not made capable of receiving it? How adorable then is the 
goodness of the Great Creator, in having not only disposed 
the air in such a manner that sound may be pr^ucw by 
vibrations, but in baying given us an organ capable of re- 
ceiving these sonorous vibratiws. 

The position of the ear is admirable; for it is placed in the 
most convenient part of the body^, near the brain, the common 
seat of all the senses, to give the more speedy information, 
in a part where it can be best guarded,"^ and in the neigh- 
bourhood of its sister sense, the eye, with which it has a pecu- 
liar and admirable communication by its nerve#. 

The drst thing observable in the hiunan car is tlie auricle, 
or external ear, with its tortuous cgvities, formed to stop 
and collect the sonorous undulations, to give them a gentle 
circulation and refraction, and to convey them to the concha, 
or large capacious round cell, at the entrance of the ear; and 
the great contrivance visible in the outward ear, is in nothing 
mort^ apparent than in this circumstance, that they Whose 
eai's are cut off, have but a confused way of hearing, alld #re 
obliged either to form a cavity round the ear with their hand, 
or to make use of a hearing trumpet to supply the defect. 
The cartilaginous substance of the outwawl ear is, very ob- 
viously, another wise provision of the Great Creator. 

In the interior part of this admirable organ we may ob- 
serve, in the first place, the auditory passage curiously tun- 
nelled and turned, to give sounds tm easy passage, as well 
as a gentle circulation and refraction, and likewise to pre- 
vent their too furiously rushing in, and assaulting the more 
tender internal parts. 

To prevent, moreover, the entrance of noxious insects 
which are apt to make their retreat in every little hole, Na- 
ture has secured this passage with a bitter nauseous sub- 
stance, called the ear-wax, w^hich is supplied by the glands 
appointed for that purpose. 

The next principal thing to be observed, is the memhtana 
tympani, or difim of the ear, with its inner membrane, the 
four little appendant bones, and the three inner muscles to 
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move them, and to adjust the whc^e system to the 'several 
purposes of hearing, to hear loud or soft, discordant or 
agreeable sounds. 

The passage just behind the di:^m of the ear is called the 
vestibulum, being as it were, the snti-^chamber or entrance to 
two other cavities. The first of these is called the labyrinth, 
and consists of certain semi-circular canals; and the second 
is called cochlea, ikem its resemblance to a snail shell. The 
labyrinth appears to have something of the medianism and 
uses of a hearing trumpei; while the cochlea appears to be 
destined for the more delicate and refined uses of hearing, 
such as the formit^ and modulating of musical and harmo- 
nious sounds. 

There is one particular contrivance of the nerves minister- 
ing to this sense, that I must not pass over ; which is, that 
the branches of one of the auditory nerves spread partly to 
the muscles of the ear, partly to the eye, partly to the tongue 
and instruments of speech, and inosculated with the ner^'cs that 
go to the head and breast. By these means there is an ad- 
mirable and useful consent between the parts of the body ; it 
being natural for most animals upon hearing any uncouth 
noise, to erect their ears, and prepare them to catch every 
sound ; to open their eyes, those constant, faithful sentinels, 
to stand u|Km the watch : and to be ready uith the mouth to 
cry out and utter what the present exigency may suggest. 
And this is accordingly usual for most animals, when sur- 
pHs^d or terrified by any frightM noise. 

Such is the nature and properties of sound, and such the 
admirable structure and uses of the ear. If it be asked why, 
when a word is pronounced it excites a certain idea, and not 
a simple tone? Or how a sound can act upon the soul, and 
produce so many different notions? we are obliged, in this 
respect, to confess our absolute ignorance. We know enough, 
however, to be assured that the ear is one of the most con- 
vincing proofs in nature of the divine wisdom and goodness; 
and well may we exclaim with the devout David, Such 
knowledge is too wonderful for me: it is high and 1 cannot 
attain unto it. But I wjU praise Thee, 0 Lord, for I am 
feacfuUy and wonderfully made.’f 
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ANALYSIS OP THE SCIENCE. 

1 . Acoustics is a science which instructs us in the 
nature of sound. It is divided into diacousticSy which 
explains the properties of tliose sounds that come 
directly from the sonorous body to tie ew; and cufa- 
coustics which treats of reflected sounds. 

2. Moat sounds that affect us are conveyed to the 
ear by means of the air : but water is a good conductor 
of sound : so also are timber and ffannel. 

EXPERIMENTS. 

(1.) A bell rung under water returns a tone as distinct as if 
rung in air. • 

(£) If you stop one ear with a finger, and the other by 
pressing it dose to a long stick or piece of deal board, and a 
watch be hold at the other end of the wood, the ticking will 
be heard, be the stick or board ever so long. 

(3.) If you tie a poker or any piece of metal on to the middle 
of a strip of flannel about tw'o or three feet long, and then 
press with the thumbs or fingers the ends of the flanndLinto 
your ears, while you swing toe poker against an iron nr steel 
fender, you will hear a sound like that of a heavy church hell. ‘ 

3. A body while sounding is in a state of vibration, 
wdiich it communicates to the surrounding air, the un- 
dulations affect the ear, and excite in us the sense of 
sound. 

4. Sound travels at the rate of 1142 feet in a second, 
or about 13 miles in a minute. This is the case with 
all kinds of sounds ; the softest whisper flies as fast as 
the loudest thunder. 

5. The velocity of sound has been applied to the 
measurement of distances. 

EXPERIMENTS. 

(1.) A ship at sea in distress firos a gun, the light of which 
is seen on shoj^e 20 seconds before the report is heard, there- 
fore it is known to be at the distance of 20 times 1 142 feet, 
or little more than 4} miles. 
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(2.) I see a vivid flash of lightninff, and in three aefconds I 
bear a ti'emendous clap of thunder, I instantly know the 
thunder cloud is only about two-thirds of a mile distant, I 
should therefore retire instantfy from any exposed sittiation. 

(3.) The pulse of a healthy person beats acKJut 76 times in 
a minute, if. tlierefore between the flash of lightning and the 
thunder I can feel I, 2, 3, 4, &c, beats of my pulse, I know 
the cloud is 900, 1,800, 2,700, 3,600 feet from me. 

6. Sound, like light, after it has been reflected from 
several places, may be collected into one point as a 
focus, where it will be more audible than in any other 
part; and on tins principle whispering galleries are 
constructed. 

.7, Speaking trumpets and those made to assist the 
hearing of deaf persons, depend* on the reflection of 
sound from the sides of the trumpet, and also by its 
lieing confined and prevented from spreading in every 
direction. 

8. A speaking trumpet, to have its full efiect, must 
be directed in a line towards the hearer : the report of 
a gun or cannon is much louder when fired towards a 
person, than one placed in a contrary direction. 

9. An echo is the reflection of sound striking against 
a sulface fitted for the purpose, as the side of a house, 

I a bricTc wall, hill, &c. 

EXPERIMENTS. 

(1 .) If a person stand about 65 or 70 feet from such a sur- 
face, and })er{)eiLdicular to it, and speak, the sound will strike 
against the wall and be reflected back, so that he will hear it 
as it goes to the wall, and again on its return. 

(2.) If a bell situated in the same way be struck, and an 
observer stand between the bell and the reflecting surface, 
he will hear the sound going to the wall, and also on its 
return. 

(3.) If the sound strike the wall obHquely, it will go off 
obliquely, so that a person who stands in a direct line'between 
the bell imd the wall will not hear the echo. 

10. The variety of sounds depends on the frequency 
of the vibration, on the quantity and force of the vi- 
brating particles, and on the simplicity of the sounds ; 
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hence lire derived the ^height, strength, and quality of 
sounds. 

1 1 . Music is any succession of sounds, that excites 
in a well disciplined eaj certain agreeable sensations. 
Sound is therefore the subject matter of music, and it 
is harmony that makes sounds musical. 

12. Harmony is the coincidence of two or more 
sounds, which by their union afford to the mind plea- 
sure and delight. 

13. Two strings of equal kngth, tension, and thick- 
ness, by performing their vibrations together, will sound 
the same note, or be in unison. Two pipes of the same 
length and diameter will agree in the same manner. 

Explanation. In the case of the strings, the air is struck 
by the body, and the sound is excited by the vibrations : in 
that of the pipes the body is struck by the air, but as actiou 
and re-action ai*e equal, the effect is the same. • 

1 4. Largo instruments and long strings produce grave 
or deep tones : small instruments cind short strings pro- 
dui'c acAite and high tones. 

Examples. — Let a musical string of any length be divided 
into two equal ports by a bridge in the middle : and the ;sOund 
of each half is eight notes, or an octave, higher than the mne 
of the whole string. — Organ pipes produce grave or'acule 
tones in pi oportion to their length and size. It is the shortest 
string of a harjisichord which yields the highest notes. 

OUi:STIONS rOH EXAMINATION. 

1 . What is meant by the science of acoustics, and how is it 
divided f 

2. How are sounds conveyed to the ear? 

Give an account of the experiments. 

3. How is the sense of sound excited ? 

4. At what rate does sound travel ? 

5. To what purpose has the velocity of sound been applied 1 

Give an account of the experiments. 

6. Can sound be collected in a focus 1 

7. On what principles do speaking trumpets depend ? 

8. II ow niufiijj a speaking trumpet be situated to produce the 
full effect 1 
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9» What Is an echo ? ^ * 

Give an acoount of the experiments* 

10. On what does the variety of sound depend 1 
11« What is meant by music ? 

12. What is harmony f 

13. When will tw o strings end two pipes be in unison 1 
Give the explanation. 

14. Which instrument produces deep, and which acute tones ? 
Produce the examples* 


OPTICS. 

OK VISION. 

“ With thought from prepossession free, reflect 
Ou solar rays, as they the hgitt respect. 

The beams of light had been in vain display’d, 

Had not the ey»‘ been fit for vision made •. 

In vain the Author h id the eye prepur’d 
With so much skill, liad not the liglit api>ear'd.’' 

Blackmore. 

Ip ytne construction of tlic universe were not so evident a 
pvoof of the existence of a ^supremely wise and benevolent 
Creator, as to render particular ai'guments unnecessary, the 
structure of the eye might be offered as one, by no means 
the least. This instance, amongs*. numberless others, demon- 
strating that the most exquisite perfonnanees of art, are in- 
finitely short of those which are continually produced by the 
Divink Mechanic. 

Of all the senses the sight is that which furnishes the soul 
with the quickest, most extensive, and most varied percep- 
tions. It is the fertile source of the richest treasiu'es of ima- 
gination, and it is to that principally, that the soul owe.s the 
ideas of beauty, and of that varied unity that enchants it. 

** Our sight,” indeed, as observed by an admirable writer, 
”is the most perfect and delightful of all our senses. It 
fills the mind with the largest variety of ideas, converses with 
its objects at the greatest mstance, and continues the longest 
in action, without being tired or satiated with its proper en- 
jo^ents. The sense of feeling can indeed *give us a notion 
or extension, shape, and all other ideas that can enter at the 
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eye, esl^pt colours ; but. at the same time, it is very mudii 
straitened and confined in its operations, to the number, bulk, 
and distance of its particular objects. Our sight seems de- 
signed to supply all these defects, and may be considered as 
a more delicate and difixisi^ kind of touch, that spreads itself 
over an infinite multitude of bodies, comprehends the largest 
figures, and brings into our reach some of the most remote 
parts of the universe.” 

The eye is composed of several tunics, or coats, one within 
the other, and is filled within with transparent humours of 
different refractive densities. The external tixnici called the 
sclerotica, is white on the anterior part, except a cii^ular 
j)ortioTi immediately in front, which is transparent, and more 
convex than the rest of the eye: this transparent part is 
called the cornea. Immediately adherent to the sclerotica 
within, is the chorides, or v^neaj which, at the circumference 
of the cornea, becomes the iris, being expanded over great 
part of its surface, though not contiguous to it. The iris is 
co»ij)Oscd of two kinds of muscular fibres; theg>ne sort tend 
like the radii of a circle towards its centre, and the others 
form a number of concentric circles rpuiid the same centre. 
The central part of the iris is perforated, and the orifice 
wbicli is called the pupil, is of no constant magnitude, for 
w^hei) a very luminous object is viewed, the circular fibre® of 
the iris contract and diminish its orifice; and, on the other 
hand, when objects are dark and obscure, the radial fibt^ of 
the iris contract; and enlarge the pupil, so as to admiSoi 
greater quantity of light into the eye. The iris is variously 
coloured in different persons, but according to no general 
rule. In general, they whose hair and complexion are light- 
coloured have the iris blue or grey; and on the contrary, 
they whose hair and complexion are dark, have tlic iris of a 
deep brown. But what specific difference this may occasion 
in the sense, or whether any at all, is not discoverable. 
Within the unea is another membrane, which at the circum- 
ferenee of the cornea becomes fibrous, and is called' the ligu- 
mentum. ciliare. This ligature is attached to the circum- 
ference of a double convex lens, whose axis corresponds with 
the centre of the pu]>il; and w'hich, liy means of the fibres, 
can be altered, in a small degree, in position, and perhaps in 
figure. This leus is termed the crystalline humour ; end is 
included in a very strong and transparent membrane called 
the arachnoides. Between the crystalline humour and the 
cornea is contained a clear transpment fluid called the aque- 
ous humour: and between the crystalline humour and the 
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postenor part or bottom of the eye, is included another dear 
transpar^t duid, which is called the \4treous humour. The 
refra^ive density of the crystalline is greater than those of 
the luminous that surround it. On the side next the nose, a 
nerve is inserted in the bottom od*each eye, about twenty-five 
degrees from the axis of the crystalline, which, after entering 
the eye, is spread into an exceeding fine coat of net-work 
termed the retina. Lastly a very black mucus or slime, is 
spread over all the internal parts of the eye, that are not trans- 
parent, except the anterior part of the iri.% which as I have 
before observed is coloured. 

From this account of the structure of the eye, I shall pro- 
ceed to that of vision, or the act of perceiving external ob- 
jects by the organs of sight. And this is well defined to be 
a sensation, by which, from a certain motion of the optic 
nerve, made in the bottom of the eye by the rays of light 
emitted or reflected from objects, and hence conveyed to the 
common sensory in the brain, the mind perceives the lumin- 
ous object, Hs quantity, quality, figure, &c. And thus all 
modem philosophers agree, that vision is performed by rays 
of light, reflected from the several points of objects received 
in at the pupil, refracted and collected in their passage, 
through the coats and humours before-mentioned, to the 
retina, and thus striking, or making an impression on so 
many points of it; which impression is conveyed to the 
brain, &c., by the correspondent capillaments, or fibres, of 
the ^3ptic nerve. 

The cornea, or second coat of the eye, being of a convex' * 
figure, perfonns the office of a glass lens. To illustrate this 
by a familiar example : put a glass lens into a hole made in 
the window shutter of a dark room; present a pasteboard to 
this lens, and you will immediately have a picture, in which 
all the objects without will be painted to the greatest preci- 
sion, and according to all the rules of the most exact per- 
spective. It will bo like a moving picture whenever these 
objects move. You will then see rivers rushing down from 
the tops of mountains, and meandering in the plains; birds 
hovering in the afr, fishes sporting on the surface of the 
water; flocks frisking in the meadows; and in fine all the 
possible varieties of prospect. 

Substitute instead of the lens, the real eye of an ox, newly 
stripped of its leguments, and you will have the same picture 
on tlie membrane w)iich covers the bottom of it; but all the 
figures will be painted in a much smalleir size. You can 
never be tired of admiring the extreme delicacy of this piece 
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of miniature^ and you will be aatonished to behold a field 
fifteen or twenty miles square, exactly delineated on a piece 
of vellum of a few lines in lenj^h* 

The structure of the eye of an ox is the same^ with respect 
to the essential parts of it« ais that of ours ; and thus the me- 
chanism of vision is explained. The humours of the eye are 
the lens of the camera obscura; the retina is the pasteboard. 
The black skin which hangs within the pupil performs the 
oifice of a shutter that excludes the light, it extmguishes the 
rays whose refiection would render the ima^e less distinct^ 
The pupil, by contracting or (hlating itself in proportion to 
the strength of the light, moderates the action of the rays on 
the retina; and the nerve placed behind this, communicates 
to the brain, as before observed, the various concussions it 
receives, and to which various perceptions correspond. 

In the theory of vision there are many curious ]>henomena, 
which have exercised the ingenuity of tne most learned men. 
Whence comes it, for instance, that all external objects are 
painted inverted on the retina, and that we see Uicm, never- 
theless, in their real situation ? WThence is it that objects of 
tlie greatest magnitude are delineated^ on the eye with ex- 
treme minuteness, and yet we perceive every thing in its 
proper size ? Whence is it that if we look down from the 
toj) of St. PauVs cathedral, we see beneath us the many thou- 
sand houses of tliis great metropolis, each painted so exactly 
ill our c j e in a space hardly three times larger than the It^fail 
of a pill ? So many millions of rays enter by a very smi^ 
aperture; they are united on the retina at the bottom of the 
eye, without confusion, and constantly preserving the same 
order which the points of the objects had, that emitted them. 
Let us asf'end a high rock, and observe a ficet in fuU sail at 
sea ; let us coutemjfiate the sea itself, and what millions of 
waves may be discovered ! Each of these, nevertheless, re- 
ticets masses of rays upon our eye, the size of which is so 
minute. In an extensive country prospect, every tree, and 
even every blade of grass emits its rays; without which it 
would he impossible for us to perceive the uninterrupted 
verdure of all the fields beneath us. Is it not wonderful too, 
that we do not see objects double; and that although we 
have two eyes, each object still apjieors hut one. 

But there is another circumstance to excite our admira- 
tion. The objects we behold are not visible to us alone : we 
have just observed with astonishment, the number of rays 
they send on a sjmee so small as that occupied by the pupil 
of the eye. They all send as many more to every part of 
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the mass of air that surrounds them. Wherever, therefore, 
we may remove, new rays replace* the first, and render the 
same objects visible to us that we had se^ in our former 
situation. All the rays necessary to effect this had existed 
before, and waited only for eyes. # But the rays admitted into 
the eye are not all equally efticacious. Besides these, there 
are innumerable others, which being mufdi weaker, are effaced 
by the splendour of the first, but which a)*e constantly ready 
to perform the same functions if necessary. Such are the 
wonderful phenomena of vision ! 

The gi’eat philosopher of antiquity, in his treatise de Natura 
Deorwn, was sensible of the wisaom and contrivance dis- 
played in the ccjhstruction of the eye. ^'What artificer/' 
says he, hut Nature, whose direction is incomparable, could 
so artfully have formed Ibe senses ? She has covered and 
invested nie eyes with the finest membranes, whicii she has 
made transparent, that we mav see through them, and firm 
in their texture, to preserve the eyes. Slie has made them 
slropery and moveable, that they might avoid what would 
offend them, and easily direct the sight wherever they will. 
The point of sight, which is called the pupil, is so small, that 
it can easily shun whatever may be hurtful to it. The eye- 
lids, which are their covering, are soft and smooth, that they 
may not injure the eyes, and are made to shut at the ajipre- 
hension of any accident, or to open at pleasure; and these 
n^'Cments Nature has ordained to be made in an instant. 
^«y are fortified with a sort of palisade of hair, to keep off 
what may be noxious to them when open, and when sleep 
closes them, to be a fence to their repose. Besides, they are 
commodiously defended by eminences on every side : for on 
the upper port, the eye-brows turn aside the sweat that falls 
from the forehead; the checks beneath, having a little rising, 
protect the lower; and the nose is placed between .as a wail 
of separarion.” 


LESSON THE FIRST. 

OF OEFINITIONS l^ATUEE AND FROPEHTAiS OF LIGHT. 

1, Optics is the science of vision, and it includes 
Dioptrics, Catoptrics, and Chromatics. 

2. Dioptrics is the science of refracted vision, or that 
which considers the several refractions of light in pab>s- 
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ing thrcfUgh different njedia, as air, water, glass, dec, 
ami especially lenses. 

3. Catoptrics is the science of reflected vision, and 
explains Uie appearances gf objects seen by the reflec- 
tion of polish^ surfaces. 

4. Chromatics is that part of the science of optics 
wliich explains the several properties of the colours of 
light, and of natural bodies. 

5. Light consists of an inconceivably great number 
of particles flowing from a luminous body in all direc- 
tions. A ray of light is the motion of a single par- 
ticle, which is represented by a straight line. 

6. Light travels from the sun to the earth in about 
eight minutes, or at the rate of two hundred thousand 
miles in a second of time. 

Explanation. — ^Tbe velocity of light was discovered by ob- 
serving the eclipses of Jupiter’s satellites, winch Ire found to 
ha])])eu U) minutes later than the calculated time, if the earth 
is in that part of the orbit which is farthest from Jupiter, 
than if it were in the o])posite part of the heavens : that is, 
the light from the satellites of Jupiter is IG minutes in tra- 
velling over the length of the earth’s orbit, or 190 millions 
of miles. 

7. The particles of light move in all directions 

out the least disturbance, and hence it is inlerred they 
must bei inconceivably small, 

experimbnts. 

(1.) Make a small pin-hole in a piece of brown paper, and 
through this may be seen at once a great variety of objects, 
as trees, houses, &e. Now, as we see objects only by the 
particles of liglit reflected from them to the eye, it is evident 
that these particles must cross each other in passing through 
the hole in the paper, which they do without being in the 
least disturbed by the motion. 

(2.) A cantile placed on an eminence in a dark night may 
be seen a mile or two all round, w'^hich proves that light moves 
in all directions, and as a aiugle canale may be seen in all 
that space in an instant after it is lighted, we may be sure 
the particles must be very small. 

8. Light always moves in a straight line. 
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Illusthation. — (1 .) Look at an object through a atraight 
tube and you see the ob|ect by tkeans of the rays of light 
flowing from it« but point a bended tube direct to the sun, 
and its rays will not pass to the other end. 

(2.^ Tlie shadows which are /:aat by opaque bodies, as a 
buUdmg, &c. prove also that the rays of light move in a 
straight line only. 

9. The particles flowing from a lutninons body, as 
tlie sun, or a candle, give us the idea of light ; Uiese 
particles falling on bodies, as the furniture of a room, 
and reflected to our eyes, furnish us wkh the idea of 
those bodies. 

Experiment. — Go into a darkened room, and you have no 
idea what that room contains $ but admit the rays of light, 
these at the same instant, owing to the velocity with which 
they travel, flow upon all the belies in the apartment, and 
are reflected to the eyes, thereby exciting in the mind the 
idea of these bfxlies. 

10, Every part of a visible body reflects the rays of 
light in all maimer of directions. For let a person 
stand where he. will, he sees every part of the surface 
of a body which is tow^ard him, when no intervening 
object obstructs the rays. 

.<^1. The intensity or degree of light decreases as the 
of the distance from the luminous body increases. 

Illustration, — ( 1.) If I stand one yard, two yards, three 
yards, &c. from a candle, the proportion of light will be as 
ontj, one-fourth, one-ninth; that is, at two yards distance, 1 
shall have only the fourth part of the benefit of the candle 
that X should have at a yard’s distance only ; and at three 
yards <listance the benefit would be only one-ninth os great 
as at one yard distanct. only; at four yards it would be only 
one-sixteenth, and so on. 

(2.) The Herschel planet is about twenty times as far from 
the sun as the earth; it will therefore enjoy 20 X 20 times, 
or 400 times, less of the benefits ot‘ light and heat than w e 
experience. 

QUESTIONS FOR EXAMINATION. 

1 . What is meant by optics? 

What do you mean by dioptrics ? o 

3. What is meant by catoptrics? 
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4. Wj^Bt IB meant by chromatics 1 

5. Of what does light ocliBist, a&tf what iB meant by a ray of 
light ? 

6. At what rate does light trairel ? * 

Explain how that was discgvered. 

7. How do the particles of light move ? 

Mention the experiments that prore this. 

8. Does light more in any other than a straight line 1 

9. How do you obtain the idea of external objects ? 

10. In what way do risible bodies reflect light ? 

11. What is the law witli respect to the intensity or degree of 
light? 

Give the illustrationB. 


LESSON THE SECOND. 

LIGHT. , 

1 . A number of rays of light proceeding from a point 
is called a pencil of rays. 

2. By a medium is meant any pellucid or transparent 
l>ody which suffers rays of light to pass through it, as 
water, glass, air, ^c. 

3. Parallel rays are such as move always at the sau;^e 
distance from each other. 

4. If rays continually recede from each other, from 
any given point, they are said to diverge. 

5. If they continually approach each other, as in 
moving to a point, they are said to converge, and the 
point at which converging rays meet is called the focus. 

6. Tlie point to which they tend, but which they are 
prevented from reaching by some obstacle, is called the 
imaginary focus. 

7. While rays of light continue in any medium of an 
uniform density, as in air, or water, they proceed in 
a straight line; but if they pass from a medium of one 
density, as air, to one of another, as glass or water, 
they will be bent out of the straight line, unless they 
pass in a perpejidicular direction. 

8. When rays of light passing obliquely out of one 
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medium into anotlier, are bent out of the strav^ht line, 
they are said to be refracted. 

EjMimple. — ^An oar in the water will exemplify this : the 
rays of light proceeding from the handle come straight to the 
eye, but those from the other eiSi, which is under the water, 
are bent or refracted in their passage to the eye, and the oar 
appears crooked. The same may be seen of any straight 
stick or ]iicce of wood partly plunged in w ater, not in a per- 
pendicular situation. 

9. Rays of light j)assing from a rarer to a denser 
medium are always refracted to a perpendicular. 

EXPERIMENTS. 

(1.) Let the rays of the sun passing through a small hole 
in a shutter, proceed through a decanter or upright glass jar 
of water, and they will be bent out of the straight hue, and 
W'ill fall to points nearer the shutter than they would if the 
water was away. 

(2.) Let the rays fall in an empty pan and mark where they 
come, then without moving the vessel, i)ut some w’^ater in it, 
and the rays will fall nearer the side of the pan than they did 
before. 

(3*) If a piece of looking-glass be laid at the bottom of the 
vessel the light will he retiecti*d from it, and will suffer the 
sam^ refraction in going out as in coining in, only in a con- 
trary direction, 

ro, Rays of light p. .‘urig from a denser to a rarer 
medium will be refracted farther fi*om tlie perpendicular. 

EXPERIMENTS, 

(1.) Stick with a piece of wax a shilling on the bottom of 
on upright pan, ana let a spectator move back till he lose 
sight of the shUling, tLen fill the pan with water, and he will 
see it i^ain, though neither he nor the shilling has moved 
from their places, which shews that in passing through the 
denser into a rjirer medium, the rays proceeding from the 
object are bent farther from a perpendicular which might be 
raised in the centre of the vessel. 

(2.) Take a glass goblet half full of w^ater, throw a shilling 
into it, then put a jnatc over it, and holding the plate fast, 
invert the whole pretty quickly, and there will appear to be 
two pieces of money, viz. a shilling and hall' a crown: the 
former is seen by refraction through the water, the latter by 
the rays offer refraction at the sui%Eu;e. 



OPTICS. 


263 

11. ^ km is a glass grooiid into such a form as to 
collect or disperse the Ays of Hght that pass through it. 
Tliere are various kinds of leases named according to 
their forms. 

12. A piano convex l^s has one side flat and the 
other convex ; and a piano concavte is flat on one side, 
and concave ou^ the other. 

13. A double'^convex lens is convex on both sides: 
and a double concave is concave on both sides. 

14. A meni&cns lens is convex on one side, and con- 
cave on the other : a watch glass is of this kind. 

15. A prism is a triangular piece of glass which has 
the power of separating tlie rays of light into their com- 
ponent parts. 

QUESTIONS FOR EXAMINATION. ^ 

1. What is meant by a pencil of rays 1 

а. What is meant by a medium t * 

3. What are parallel rays 1 

4. When are rays said to diverge? 

5. When are they said to converge, and what is the ibcus? 

б. What is meant by the imaginary focus ? 

7. In what case do rays of light proceed in a straight line, and 
in what case are they bent? 

8. When are rays of light said to be refracted ? 

y. When are rays refracted nearer to a perpendicular 

Give an account of the experiments. 

10. When are rays of light refracted farther from a perpen- 
dicular 

Mention the experiments that shew this. 

11. What is a lens, and how are lenses named ? 

V2, What are plano-convex, and plano-concave lenses ? 

13. What are double convex and double concave lenses ? 

14. Wbat is meant by a meniscus lens ? 

16. What is a prism, and for what is it used ? 


LESSON THE THIRD. 

REFRACTION. 

1 , If parallel rays fall upon a plano-convex lens, they 
will be so refracted as to unite in a point behind, called 
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the focus, which point is at a distance equ^} to the 
diameter of the sphere of whiclf the lens is a portion. 

2. If parallel rays fall on a double convex lens they 
will be refracted and unite at a distance equal to the 
radius of a sphere, of which tl5e lens is a portion. 



IWIlllllllllll 

Pig . 1. 


iLLuaTRATioN, — The rays, AC, fig. 1, falling 
upon the plano-conirejc lens, B D E, will be re- 
fracted and unite at F : but the rays abc falling 
on the double convex lens F L G, fig. S, will 
unite in/, where they will cross, and if another 
lens D E be placed as in the figure to receive 
them, they will go out 
of that lens in the pa- 
rallel direction A B C. 
Tt must be observed 
jitfg, 2 . the lower ray u, 



in going in, will be the upper one A in going out ; and the upper 
one c, in going in, will be the lowermost C in going out. 


3. All tlie rays of the sun that pass tlirou^Ii a lens 
are collected in the focus; and the force of the heat at 
the focus is to the common heat of the sun, as the area 
of the glass is to the area of the focus. 

Illustration. — If the areaof the lens FG be three inches, 
aifkd^hat of the focus only one-fourth of an inch, then as the 
areas of all circles being as the squares of their diameters, 
they will be to one anotner I* : 12% or 1 : 144, that is the 
heat at / will be 144 times greater than it is at F G. The 
reason is obvious, for all the r&ys a 6 c are collected in a 
point /. 

4. All common burning glasses are double convex 
lenses, which is the reason why globular decanters filled 
with water and left incautiously exposed to the direct 
rays of the sun have been known to inflame various 
articles of furniture. 

5. If a candle be placed in the focus /, the rays will 
go out parallel : if it be nearer the lens ¥ G than the 
focus as at a? , they will diverge in going out, and if it be 
placed farther from the lehs, as at z, they will converge 
in going out of the glass, and meet in point, which 
will be more or less distant from the lens, as the candle 



is nearer to, nr farther from its focns^ and where the 
rays meet there will be^an inverted itnage-iOf the candle. 

^Ixperinjent.— ‘These Iscts may he shewn by tahing the 
image of a limited candle on a sheet of paper, by means of a 
common reamg glasa t ' V. , \ , 

6. The image will be as mncdi Isttger or less than the 
object, as its distance from the glass is greatot/or less 
than the distance of the objexjt. ^ 

7. The camera obscura consifi^s of a double , convex 
glass so adapted as to fit to a hole in the shutter of a 
darkened chamber! behind this is fixed, at a proper 
distance, a sheet of paper, on which a picture of the 
external objects will be pidhtod* 

8. In a portable camera ob^cura^ the lens is fixed jn 
a box, and by niea,ps of a mirror placed at a proper 
angle, the picture is reflected upon oiled papei*, on 
which the artist sketches his draught 

9. The magic laiUern depends likewise oh the double 
convex lens, which is fitted to a hok in a dark lantern, 
and little pictures painted in transparent colours on slips 
of glass are passed successively between the fens and 
tiie candle in the lantern, which pictures are painted on 
the wall of the room or a sheet, &c. that is placed to 
receive them. Tlie figures must be inverted in^th^ 
lantern if they are to be upi^t on the wall. ^ 

10. The phantasmagoria Is like the magic lantern, 
only instead of painting the figures olf transparent glass, 
all the glass is opaque except the figure only, which 
lieing painted in transparent colours, the light slunes 
tlirougu it, and no light can fall ^POn the screen but 
what passes through the fi^fe. The screen is very 
thin silk placed between the spectators and lantern, 
and by moving the lantern backwards or forwards the 
figures seem to recede or approach. 

11. The multiplying-glass is on the principle of the 
plano-convex lens, but instead of a can'vex side, it is 
cut into several distinct surfaces, so that instead of 
seeing one object through it, we see as many objects as 
the glass has plane surfaces. 

N 





FOR EXAarxNAtxo®^. * 

I 

1. What effect have paraHel raya that fiUl qq a plano-oonrex 
lens t 

What is the effect of parallel nye falling on a double con- 
vex lens'? * 

Give an illustration of these facts. 

3. Where are the rays of the aim, that pass through a convex 
lens, collected, and how is the heat estimated ? 

4. What are burning glasses^ and wfaa$ effect have they pro- 
duced by being ^exposed incautiously to the sun? 

5. What effect will be produced by placing a candle in the 
focus of a convex Jens, or nearer to, or farther from the lens than 
the focus ? , * 

What experiment shews this ? 

6. What will be the proportions between the object and image ? 

7 . What is the principle of the camera ohscura 1 

8. What is the construction of a portable camera obscura ’? 

9. What is the principle of the magic lantern 1 

10. How iwthe phantasmagoria constructed ? 

11. What is the principle of the multiplying-glass 


LESSON THE FOURTH. 

MICROSCOPES. 

r. Microscopes are instrummts for viewing small ob- 
jects, and formed upon this principle, that they ap- 
parently magnify objects by enabling us to see them 
nearer, without affecting the distinctness of vision. 

Experiment.— The eye brought (dose to a pin-hole in a 
sheet of brovm paper, will, at the distance of two or three 
inches, see objects, as letters in a book, apparently magnified, 
though without the intervention of the paper the letters would 
at that distance be wholly illegible. 

2. There are three kinds of microscopes, the single, 
tiie compound^ and the solar; the two former depend 
wholly on refraction, the latter on reflection as well as 
refraction. 

3. The single microscope is a small convex glass, 
having the object placed in its focus, an^l the eye at an 
equal distance on Gie other side of the glass. 
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Explanation*— ~lf the object be placed at ab, 
fig. 3, the rays from every point of it wiU> upon 
going out of the glass c d, be parallel^ bat the 
eye being also a convex, lens^tbey will be con^ 
verged and brought to a foens on the retina 
where the picture is formed, but in an inverted 
position. 

4. The magnifying power of this microscope is found 
by dividing six inches, the distance at which an object 
can be seen distinctly with the bare eye, by the focal 
distance^ and the quotient will show how much the lens 
magnifies the diameter of the object. 

Examples. — If the focal distance of the lens be half an 
inch, or a quarter of an inch, or one-tenth of ah inch, then 
the diameter of the object wiU be magnified times, or 24 
times, or 60 times ; and the area of the object will be mag- 
nified 144 times, or 67^ times, or 3600 times. 

5. The compound microscope consists of two lenses, 

viz. an object-glass, which is small and next the object ; 
and an eye-glass, which is larger. In this instrument 
tlie distance of the object from the object-glass is some- 
what greater than the focal length, - h. 



Explanation. — Suppose R Q S, fig, 4, to be the eye, and K L 
the object pla<^d a little beyond the focus of the lens A B, then 
the image of the object will be formed at M N, which will be in- 
verted, but the rays of the image flowing through the eye-glass 
£ F, will cross again ; an erect image of the object will be formed 
on the eye, and the object will be seen inverted^ 

To enlarge the %eld of vision another and broader lens is often 
put between the object-glass A B and image M N. 
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6. The magnifying power of the compound microscope 
is in proportion as the image larger than the object, 
and also according as we are able to view it at a less 
distance; ^ 

— If the image MK^e ^ve times laiger than the 
object KL, and by means of the eye-glass we can view it six 
times nearer than we could By the naked eye, then the in- 
strument win magnify the diameter of the object 6 x 6 30 

times, and the surface 30 x 30, or 900 times. 

7. The solar microscope consists also of two convex 
lenses enclosed at theif proper distances in a brass tube, 
which is to be fixed in the window shutter of a darkened 
. room. The object is placed between the lenses, and 

the sun's rays passing through the object-glass, strongly 
illuminates the object, from which they pass through 
the second lens and form an inverted image of the ob- 
ject on th^ opposite wall. A mirror or looking-glass 
is used to tlirow the sun’s rays sUll stronger on the 
object. 

8. Telescopes answer the same end with respect to 
large and very remote bodies, that microscopes do with 
regard to small and near objects. 

9. ' The astronomical telescope consists of two convex 
lenses in a tube whose distance fiom each other is equal 

^'*io the sum of their principal foci : that lens which is 
towards the object is called the object-glass, and that 
next the eye is called the eye-glass. See fig, 4, p. 267 . 

10. Remote objects seen through an astronomical 
telescope appear inverted. But a telescope will not 
magnify unless the focal distance of the obiect-glass is 
greater than the focal distance of the eye-glass; there- 
fore the object-glass should be less convex than the 
eye-glass. 

Illustration. — I t will be seen by what has been said, 
that in telescopes and compound microscopes, the image 
formed by one lens, viz, the obmct-glass, ^ands in place of a 
new object for the eye-glass, ^le operation may be seen by 
pkeing a screen <rf very fine gauze at the place of the image, 
which receives light enough to make the image visible in all 
directiouB, and yet transmits enough to fohn the subsequent 
image. 
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11. A telescope consisting of four convex lenses is 
o(len called a double telescope, and with this objects 
appear erect. 

12. In reflecting telescopes a concave speculum or 
mirror is substituted for the object-glass, and the eye- 
glass is so ple^d as to mag;nify the image formed by 
the speculum. 

13. In Dr. Herschers telescope there is a concave 
reflector at the bottom of the tube, and the spectator 
stands with his back to the object, and looks^ in upon 
the reflector through the eye-glafes. 

QUESTIONS fOU^XAMlNATION. 

1. For wbat are miscroscopes ueed ? 

What experiment is g^yen ? 

2. flow many kinds of microscopes are there, and on what do 

they depend ? • 

3 . What is a single microscope ? 

Give the explanation. 

4. How is the magnifying power of the single microscope 
estimated 1 

Give the examples. 

5. Of what does the compound microscope consist? 

Explain the construction. 

(). How is the magni^ing power of the compound micros copy 
estimated ? 

Give the example. 

7. Of what does the solar microscope consist, and how is tin* 
object to bo placed ? 

8. For what are telescopes used ? 

9. Of wbat does the astronomical telescope consist ? 

10. How are remote objects seen by the astron^ical telescope ? 

1 1. What is a double telescope ? 

12. What is the construction of a reflecting telescope ? 

13. What is the construction of Dr. Herscbel’s telescope ? 


LESSON THE FIFTH. 

UTIFLECTION. 

1. When rays of light strike against a surface, and 
are sent back from it, they are said to be reflected. 
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2. All obj^t# whatever are gendered visible '%y the 
liglit which they reflect froin the suAce : even glass is 
distinguished by the rays which it reflects, 

3. Bodies which transmit the rays of light are called 
transparent, those which do no\ transmit it are termed 
opaque. 

4. Bodies with ^iOlished surfaces, which reflect the 
rays copiously, are called mirrors. These are chiefly 
made of metal, or glass, rendered opaque with an 
amalgam of tin and quicksilver. 

5. Mi#rors are madfe in various forms, viz, plane, 

convex, and concave. Common looking-glasses are 
plane mirrors. • 

6. The ray that comes flrom any hinunous body and 
falls upon a reflecting surface is called the incident ray. 

7. A ray of light strikii^ perpendicularly upon a 
plane mirrOn is reneoted back in the same direction. 

8. Tliose rays which strike it obliquely are reflected 
back with the same degree of obliquity, but in an op- 
posite direction, so that the angle of reflection is et- 
actly equal to the angle of incidence,*^ 

IixvsTRATiOT^. — tf the ray n, fig. 6, 
ial! the mirror A B in a perpen- 
dicular direction n it will be reflected 
back in the same line ; but if a ray from 
the son &11 on the mirror in the direc- 
tion S < 1 *, it will be xeSected from n along 
the line oE so ns to mi^ke the angle 
(voA equal to KoB, and the object S 
will appear, to an eye situated at 3^, to 
be ai s, because v e see every thing in that 
UnSf in which the ray$ apprmeh us lust. 

Again, suppose n n, dg. 6, to be a 
candle standing before a mirror M N ; 
DC DC are the incident rays, c B c B 
the reflected : therefore to an eye si- 
tuated at B the image of the candle will 
appear at H B, which is seen' as far be- 
hind the dvirror as the object is be- 
fore it ‘ 
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9. Tjjie images reflected by convex mirrors are less 
than the objects, and n^yer of the true, shape. 

10. The images reflected by concave mirrors are 
magnified, and at a small distance behind the mirror, 
that is, when the objecti^^ are n^er tlie glass than die 
centre of concavity. 

11. When the object is more remote than centre 
of concavity, the image will be less than the object, in- 
verted, and between Sie object and mirror. 

12. When the object is in, the centre of the mirror’s 
concavity the image and object will coincide. 

£xperimeiit.-^lf a person stand before a large ccmoave 
mirror, and beyond the centre of concavity, he will see an in- 
verted imf^e of himself in the air ; and if he extend his hand 
towards the mirror, the hand of the imf^e will come out and 
coincide with it; and if he extend it sml farther, the hand 
of the image will pass by it. If he move his hand to one 
side, the hand of the image will' move to the otfler. 

QUESTIONS FOR EXAMINA'JPiON. 

1. When are niys of light said to be reflected ? 

2. By what are objects rendered visible ? 

3. What are transparent and what opaque bodies ? 

4. What is meant by mirrors, and of what are they made ? 

5. How many kinds of mirrors are there ? 

6. What is meant by the incident ray ? 

7. How will a ray of light falling perpendicularly on a plane 
mirror be reflected ? 

8. How are rays reflected that fall on the mirror obliquely ? 

Give the illustration. 

9. What kind of images are reflected by convex mirrors 1 

10. What kind of images are reflected by concave mirrors, when 
the objects are nearer than the centre of concavity? 

11. What kind will they be when the objects are more remote 
than the centre of concavity? 

12. In what case will the object and image coincide ? 

Give on account of the experiment. 
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LESSON THE SIXTH, 


OP THIS EY% AIfl> VISIOK. 


1. The eye is of a globular form, and is composed of 
three coats, called the ^lerotiea, the ekoroides, and the 
retina; and three humours, denominated the aqueous, 
the crystalline, and the vitreous. 

2. Objects are seen by means of their images being 
painted on tlie retina of the eye, in an inverted position, 
though they appear erect. 



, Kaephmstion. — Fig. 7 re- 
pre$eiit8 a sectiou of the 
eye, the three circles re- 
ft ^ presentthecoat8;tbet>ufer 

one the sclerotica, but the 
Fig, 7, front part of it A K F B is 

the comeat that part which is always visible : the middle circle is 
the choroides, of which the forepart x is the iris, or the part which 
giv€.s the character, as to colour, of the eye. The inner circle is 
the retina, on which the images of objects are painted. The aque- 
ous humour fills up the front of the eye : the lens shaped part y z 
is the crystalline, and behind the crystalline is the vitreous humour: 
-iTbm the back of the eye proceeds the optic nerve d, which is 
an extension of the retina, and serves to convey to the mind sen- 
sationa produced on that coat. 

I’he object, in this case the arrow, A B C, sends out from all 
parts rays that fall on the cornea, and, by passing through the 
humours, they are refracted and converged to as many points on 
the retina, and there form a distinct and inverted picture of the 
object, cha. 


3. Dimness of sight may happen either by the eye 
being too flat or too convex, or in old age by the want 
of transparency in the humours. 

4. To see an object distitictly it is necessary that every 
pencil of rays, as ^ r s, which comes from the object to 
the eye, should be converged to a point on the retina. 
If they converge to a point before they reach the retina, 
or not till they have got beyond it, the objects will be 
seen indistinctly and confus^. 
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5* When th# eye isftoo convex, the rays proceeding 
from an object are converged to a point before they 
reach the retina ; to remedy this, concave spectacles 
are worn, which disper^ the rays, and prevent them 
coming to a focus so soon as they otherwise would. 

6. When the eye is too flat, the rays do not converge 

to a point so soon as thety reach the retina, therefore 
convex spectacles are used to bring them to a focus 
sooner than they otherwise would. , . 

7. When the crystalline humour loses its transpa> 
rency the disorder is called a ediarmt^ and the remedy 
applied is called couching^ which is perlbrmed by thrust- 
ing a fine awl through the coats of the eye, and pushing 
the crystalline to the bottom of the eye, where it will 
remain, and its deficiency may be supplied with a con- 
vex lens. 

8. When the defect of vision is in the optic nerve it 
is called a gutta serena^ and the disorder is generally 
incurable. 

9. The external parts of the eye, are the eye-brow:? , 
the eyc-lids, and eye-lashes. 

10. The eye-brows defend the eyes from too strong 
a light, and serve to turn away substances which might 
otherwise fall into the eye. 

1 1 . The eye-lids act as curtains, by covering and pro- 
tecting the eyes during sleep : and in our waking hours 
they diffuse a fluid over the eye which renders it better 
adapted to transmit the rays of light. 

12. The eye-lashes guard the organ from danger, 
and protect it from dust and insects floating or flying 
in the atmosphere, 

QUESTIONS FOR EXAMINATION. 

1. Of what parts does tbe 6ye consist? 

How are objects seen ? 

Explain tbede facts. 

3, From what causes does dimness of sight arise ? 

4. What is the requisite for seeing an object distinctly ? 

.5. What defect is occasioned by an eye being too convex, and 
bow is it remedied ? 
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6. Wl]«t defeet is occasioned by tfo fiat ai^eye» .and bow is it 
remedied 1 

7. What disorder is that which is occasioned by the loss of 
transparency in the crystalline humour ,auid how is it cured ? 

, 8. What is meant by a gutta sertna 'i . 

9. What are the external parts, of the eye ? 
to. Of what use are the eyenlwowe! 

1 1. For what are the eye-lf^ designed 7 
a Of what advantage are the ^e*leebes? ' 


LESSON THE SEVENTH. 

or LIGHT AND COtOVRK. 

1. Lig^ht is not a simple body, but is compounded oJ 
seven ditfer^ut kinds, or colours, each of which in .pass- 
ing from one medium to another, suffers a difhTcnt 
degree of refirangibility. 

F*g. 8. B Explanation.'— Let 

® EG, fig. 8, represent 
a shutter of a room in 
which no light can en- 
ter but tlirough the 
hale K' If a ray from 
the sun be admitted 
through the a)>erture 
T, it would form a cir- 
CUlar image S, on any 
screen placed to receive it, hut if a triangular piece of glass. A B C, 
called a prism, be made to iijteroept the rey^ it will not proceed 
through the glass to 5, but will be refracted to the screen or wall 
M N, and form an oblong image, called a spectrum, of dif- 
ferent colours, viz. red, orange, yellow, green, blue, iDdigo> violet. 
The red is the least refrangible, or tbe least bent out of tlie straight 
line S S ; and the violet is the most refrangible* 

2. If the whole spectrum be divided rato 360 equul 
parts, the red will be found to occupy 45 of those parts ; 
the orange 27 ; the yellow 48 ; the green 60 ; the blue 
60; tlie indigo 40; and the violet 80. 

3. As bodies reflect one or other of fhese colours, so 
they are denominated: those that reflect the red rays 
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are rialJled red, and those that reflect the hhie are called 
blue. 

4. White is a compound of all the seven colours in 
the proportions mentioned in No. 2. 

Experiment — Let a^ci^lar board be painted ^ith the 
seven colours in due proportion, that i% let it be divided into 
360 parts, of which 46 are tb be painted redj 27 oran^; 
48 yellow, &c., then turn thfe board with great vdocityj this 
will produce the effect of mixing tbe cdours, and the whole 
will appear of a sort of white. If the colours wme more 
perfect the white woifld be so too. ^ 

5. Black is an entire deprivation of the colours, and 
when an object appears black, the light is completely 
absorbed. 

6. The seven colours are reducible to three, the red, 
the blue, and the yellow. 

7. The most remarkable instance of the natural sepa- 
ration of the primary colours of light is in the rainbow, 
which is formed by the refraction and reflection of the 
rays of the sun by drops of rain. 

8. There are frequently two rainbows seen at the 
same time, the one strong and highly vivid, the other 
weak and ill-defined. ■ 

9. The vivid rainbow is occasioned by two refracpons 
and one reflection ; the ray of light is refracted in 

into the drop, it is reflected to the other side of tlie 
drop, and refracted in coming out. 

10. Tlie faint bow is occasioned by two refractions 
and two reflections. To see a rainbow the sun must 
shine and be at a certain height in the heavens : and 
the spectator must stand between the sun and the 
shower, 

11. In the vivid rainbow the violet colour will be 
uppermost and the red lowermost; and in the faint bow 
the colours will be reversed. 

12. The rainbow will vary in height according to the 
lieight of the sun, for the higher the sun the lower the 
rainbow : and it is by the constant falling of rain in a 
shower that th^ image is preserved constant and perfect. 

13. The colour of the sky depends on the vapours 
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in , the atmosphere, which, as tfiey fitre, dense or rare, 
will reflect to the eye the more or less refrangible rays ; 
hence in clear weather we have a blue sky, and when 
tlie atmosphere is loaded with vapours we have a dusky 
whiteness. 

QUESTIONS FOR EXAMINATION* 

1. Is light a simple body ? 

Can you explain tbe subject by the figure 1 

What sre the proportions of tbe several colours '! 

3. How are bodies denominated with respect to colour? 

4. VVluLt oecasions a white 1 

How is it exhibited in the experiment T 

5. How is black occasioned ? 

6. Are the seven colmirs redumble to a lehs namber t 

7. What is the most remarkable inetance of tbe natural separa- 
tion of colours I 

8. Is there more than one rainbow seen at a time ? 
y. How i8*the vivid rainbow oenasioncd ? 

10. How is the faint rainbow occasioned t 

11. How are the colours arranged in the two bows ^ 

1^. How does tbe rainbow vary in height ? 

IS. On what does the colour of the sky depend 'i 


ASTRONOMY. 

ON THE SUN. 


“ Fair Sun, who with unchanging beam 
Rising another and the same, 

I>08t brum thy beamy car unfold 
Tbe glorious day, 

Or hide it in thy setting ray.** 

Hotaoe, hy Franets. 

" CJreat Source of Day t best image here below 
Of thy Creator, ever pouriug wide, 

From world to world, the rital eoeaU round, 

On nature write with every beam his praise,” — I'homson, 

The sun has been justly styled the soul of the universe, as 
it not only produces all the necessaries of life, but has a par- 
ticular influence in cheering the mind of mam He can never 
be^ satiated then, one vromd think, viith the glorious scenes 
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wliicli ttie eye dieeavers, When the^radmnt orb sheds its lustre 
abroad j nor ca!i imagination ever ceai^ to contemplate with 
pleasure, his wonderful use, and essential importance in the 
creation. 

The rising of the sun is fiterhaps the most beautiful pheno- 
menon in nature. How striking the scene when we first ob- 
serve the fieiy rays which he scatters among the clouds, as 
harbingers of his approadb. ' As the illumination increases, 
the. earth seems all m a glow; and we expect the glorious 
orb, long before he discovers himself abpve the hmison. We 
imagine every moment that we see him. At length he appears. 
His rays dart like lightuing over'' the face m nature, and 
darkness vanishes at me si^. Alan glories in his hahita^- 
tion, and beholds it embellished with renovated beauty. The 
lawn is refreshed by the coolness ci the night, and the light 
of the moming displays its mcreasing verdure. The dew- 
bespangled dowers, that enamel its surface, ghtter in 8iin*> 
beams, and like rubies and emeralds, dart their colours on the 
eye. The cheerful birds unite in choirs, and hail, in concert, 
the Pau£nt of Lifs. At this enchanting moment not one 
is silent. - All nature is enlivened by his presence, and glad- 
dened by his gifts. Millions of glittering insects avrake into 
existence, andfiutterin his rays. The olcating docks, and 
lowing herds, salute the welcome blessing. The hills, the 
valleys, and the woods resound with rural harmon 3 ^ All that 
is vocal unites iu the general choir; mad all that has breath 
exults in the enlivening influence. In man, in particular^ 
assemblage of so many pleasii% objects imparts a glowing 
sensation, that seems to penetrate the soul. Who, indeed, 
can withstand the rapture of this short interval of enchant- 
ment? Wlio can behold with indifference a scene, at once 
so inagnifieent, so beautiful, and so delightful ? 

A complete account of the nature and properties of this 
glorious orb w ould lead me into enquiries too extensive for 
the limits of this papmr: into a view not only of the solar 
system, that is of our earth, and the other planets, which, 
with the comets, revolve at stated periods round the sun; all of 
which are fully detailed and set forth in the following lessons; 
but it would lead me to the contemplation also of all the 
visible nocturnal heavens, tl^ftt is, of the fixed stars, which 
astronomers suppose to be so many sims, illuminating and 
pervading an infinity of other systems, throughout the im- 
mensity of s|>acj. 

That radiant orb, with which, as a part of the planetary 
system to which our globe belongs, we are so intimately con- 
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Betted, h defiled, with respect to ns, to be that great Imni- 
luuy which enlightens, the worlds and whose presence con- 
stitutes the day* 

The figure Of the sun is a ^iheriod higher under the c 9 uator 
than about the poles* Hisdiam^aSr is computed to be 880^000 
miles. His solid bulk is 64 millions of times as big as the 
moon’s, and a million of times bigger than the earth’s. His 
distance &om the earth, in round numbers, k about .95 mil- 
lions of miles ; a distance so prodigious, that a cannot ball, 
which is kiionti to move at the rate of about eight miles in a 
minute, would be something more than twenty-two years iu 
going from the earth to <he sun. This account of the dia- 
meter, magnitude and distance of the sun, is derived from 
the determination of most eminent astronomers in EurojH\ 
who were sent out to the most convenient parts of the earth, 
for the purpose of observing the transits of Venus over the 
sun, that bs^pened in the years 1761 and 1769, and confirmed 
and corroborated by the eminent men who have succeeded 
the]% and whose labours and tliscoveries carry more proxi- 
mate dates. 

The sun was generally considered by the ancients as a 
globe of pure lirej but from a number of maculm or dark 
spots, which by means <jf a telescope, may be seen on dif- 
ferent pfurts of his surface, it appears that this o{>inion was 
ill-founded. The spots consist in general of a nucleus or 
central part, which appears much tbirker than the rest, and 
>s«Clas to be surrounded by a mist or smoke; and they are so 
changeable in their situation and figure, as frequently to vary 
during the time of observation. Some of the largest of 
them, which are found to exceed the bulk of the w'hole earth, 
are often to be seen for three months together; and when 
they disappear, they have beea supposed to be converted 
into facuise, or luminous spots, which appear much iirighter 
than the rest of the sun. About the time that the solar 
spots were first discovered by Galileo, forty or fifty of them 
might frequently he seen on the sun at a time; but at pre- 
sent we can seldom observe more, than thirty; and there 
have been periods of seven or eight years in which none 
could be seen. 

Various have been the opinions concerning the nature, 
origin, and situation of the spots on the sun. It has been 
imagined, that the maculae are occasioned by smoke and 
opaque matter thrown out by volcanos or burning moun- 
tains of immense magnitude; and that wfien the eruption 
has nearly ended, and the smoke dissipated, the fierce fiarues 
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are exposed, and appear«like faculse or luminouB Sfyots., The 
sun by some astronomers has been tmagined to be in a con- 
tinual state of fusion, and they have thought that the s{iots 
which we observe, are only the eminences of large masses of 
opaque matter, which, by liie irreg ular agitations of the fluid, 
sometimes swim upon the surface, and sometimes sink and 
disufjpear. Others have aupimsed^ them to be occasioned by 
a number of idanets circuiting round the sun at a small 
distance from his surface. The results of otlier observations, 
are that the solar maculai are cavities in the body of the sun; 
that the mucleus, as the middle or dark part has been usually 
called, is the bottom of the excavation; and that the umbra, 
or shady zone, usually surrounding it, is the shelving sides of 
the cavity. The reality of these immense excavations in the 
boily of the sun, appears not only to be thought to he very 
satisfactorily ascertained by some philosophers, but a method 
of measuring the de])th of them nas likewise been pointed 
out. l)r. Alexander Wilson,* a celebrated professes m astro- 
nomy in the University of Glasgow, toward ^ close of the 
last century, wdio flrst advaneea the qpinioii, that there are 
hollows in the surface of tius luminary, offers upon his sup- 
]>osition some queries and coujectures concermng the sun 
himself. He asks whether it is not reasonable t6 mink, that 
the vast body of the sun is made up of tw o kinds, of matter 
very (hfierent in their qualities; that by far the greatest part 
IS solid and dark; and that this dark globe is encompassed 
with a thill covering of that resplendent substance, from wlv">'h^ 
the sun would seem to derive the whole of his vivifying heat* 
and energy? Dr. Herschel supposes, says a modern writer, 
“ that the sim is an o|)aque body, surrounded by an atmos- 
phere of a phosphoric nature, composed of various transpa- 
rent and elastic fluids, by the decomposition of which light is 
]>roduced, and lucid appearances formed of different degrees 
of intensity.*’ According to his theory, which is both ra- 
tional and plausible, ‘‘ maeulm are those parts of his surface 
which ballpen to be free from luminous decompositions, or 
in other words, which arc but slightly, if at all covered by 
the sinning matter, and are for that reason exposed to our 
view\” “ Faculie, on this hypothesis, are those parts the 
solar atmosphere which are brighter, and in general more 
elevated tlian the rest. These Dr. Herschel supposes to be 
** more copious mixtures of such fluids as decompose each 

^ An ample of the ingtndous and leai'ued observations of 
celebrated writer upon this subject *. the student will And in the 64th 
volnmc of the Fbilosophtcal Transactions. 
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otW/’ or they may be caMed “large#eoUectiotis of th^lumia- 
ous fluids which form the solar atmosphere, according to the 
quantity, brightness, and depth of which, the faculm difler in 
magnitude and intensity.** 

The motion of the maculBe is %rom east to west, and as 
they arc observed to move quicker when they are near the 
central regions than when they are near the Umb, it follow^s 
that the sun must be a spherical bo^y^ $nd that he revolves 
on his axis in a contrary Section, or &om west to east. 

Besides the solar spots, the zodiacal light is a singular 
phenomenon which aOcompanies the sun, and is usually at- 
tributed to his otmospberf;. It begiiis to appear a little be- 
fore sunrise, and seems at first like a faint whitish zone of 
light, resembling the rnUky way, with its borders iU-ter- 
minabed, and scarcely to be distmguished from the twilight, 
w'hich is seen commmtcing near the horizon. It is then but 
little elevated, and its figure nearly agrees with that of a flat 
lenticular sphmiod, seen in profile. As it rises above the 
horizon. It becomes brighter and larger to a certain point, 
after which the approach of day renders it gradually less ap- 
parent, till it becomes quite invisible. 

From this account of the sun, and the principal phenomena 
that he exhibits, ^be next and most obvious en(|uiry is into 
his pervading energy and essential importance m the crea- 
tion, and particulariy to our globe. But nothing can equal 
what Thomson has smd upon this subject in his l>eautiful 
«.i^Ihn to the Sun. In conclusion, therefore, 1 rt^fer the 
st^ent to this, not only as a poetical illiistration, but as the 
noblest account that has ever been given of 'the dignity, the 
use, and the beauty of this resplendent orb- 


LESSON THE FIRST, . 
solAh ststem. 

1 . Astronomy is the science which treats of the hea- 
venly bodies, and explains their forms, distances and 
ai^^earances. 

2, Upon an accurate knowledge of astronomy, de- 
pend the sciences of ^ography, chronology and navi- 
gation : for by its assistance man traverses the seas, 
penetrates into foreign countries, becomes acquainted 
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with va^ouft parts of th^ earth, ai)^ ascertains with pre* 
cision the dates of events that are past- 

3. The lieaveidy bodies are the sun, the planets, with 
their satellites or moons, the comets which belong to 
our system, called the “"Solar System/* and the fixed 
stars which are suns to other systems. , 

4. The solar system consists of the sun in the centre 
of seven planets, viz. Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, and the Kernel, or Georgium Sidus;"*" 
to these belong thirteen satellites, and between Mars 
and Jupiter are four smaller planetary bodies discovered 
during the last ten years. To these are to be added 
comets. 

5. The paths tn which tlie planets and comets move 

round the sun are ^led their orbits. , 

6. Mercury and Venus are called inferior planets be- 
cause they are nearer die sun than the esarth : their 
orbits are included in that of the earth, being frequently 
sSten between the sun and earth. 

7. Mars, Jupiter, Saturn, and the Herschel, are de- 
nominated superior planets, being situated at greater 
distances from the sun than that of the earth: that is, 
the orbit of the earth is included within those of the 
superior planets. 

8. Mercury, Uic planet nearest the sun, travels round 
that luminary in about 87 of our days, at the distance of 
»37 millions of miles. It is tfe smallest of the planets, 
his diameter being about 3000 miles in length; and 
from its situation it must enjoy seven times more light 
and heat from the sun than the earth. 

9. Venus, the brightest of all the planets, revolves 
about the sun at the distance of 68 millions of miles, 
ami completes her revolution in 224 of our days. Her 
diameter is about 7700 miles in length, and she enjoys 

* The aiscoveries of Dr. Herschel form a upw in ustronom^. 
This new primary planet was called hy him the Georgium Stdns. or 
Georgian, a name hy which it is distinguished in the T4autical Almanac ; 
Tmt named the Herscliel, by foreign astronomeTs, in honour of himself 
as the discoverer. f>ur author retains that tlesignaiiun, in nty opinion 
very properly, 
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twice as much more Jight aud heat from the «un than 
the earth* * 

ID. Mercury and Venus, when viewed through a 
good telescope, shew phases like the moon : they are 
never seen in those parts of the heavens that are oppo- 
site to the sun, and from their appearing to he always 
near the sun, they are called attendants upon that body. 

11. Venus and Mercury occasicmaHv aj^jpear to pass 
over the sun’s surface. Ihese are called^ the tramits 
of Venus and Mercury, 

12. By the transits«of Venus in the years 1761 and 
1769, the sun’s distance from the earth was first ac- 
curately ascertained to be between 95 and 96 millions 
of miles. 

13. When Venus appears east of tlie sun, that is, 
when she sets after the sun sets, she is called an ** even- 
ing star;” and when she is west of the sun, or when 
she rises before the atm, she is called a'-** morning star.” 

• 

QUESTIONS FOB. EXAMINATION. 

1. What is astronomy ? 

Sf. What sciences depend on astronomy ? 

3. ^Vhich are denominated the heavenly bodies ? 

4. Of what does the solar system consist 1 

^ 5, W^hat are the orbits of the planets? 

6, \Vhich are the inferior planets, and why are they so called ? 

^ 7. Which are the superior planets, and why are they so called ? 

8. What are the facts rdatin^ to Mercury ? 

9. Wliat is said of Venua ? 

lU. W'hat appearances do Venus and Mercury exhibit when 
viewed through a telescope ? 

11, What is meant by the transits of Venus and Mercury? 

12, To what purpose has the transit hi Venus been applied ? 

13, When is Venus called im evening, and when a morning star ? 

LESSON THE SECONB. 

OP THE EARTH, 

1 . The earth is a round or spherical body almost 
8,000 miles in diameter; it moves round the sun in about 
365i: days. ,, 

iLLUSTBATioN.-^The spheTical form of the earth is proved 
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from its ^ways casting a ^ound shad|p?r on the moon duri^ 
an eclipse : — from its haying been actually sailed round by d£ 
ferent navigators from our seeing frither the higher we 
stand : — ^and from our seeing the masts of ships on the sea, 
while the hull is hidden by f^e convexity of the >yater. 

2. The earth turns on its axis in about 24 hours, 
which is called the diurnal motion, and wliich is the 
cause of the perpetual changes of day and n%ht. It 
being day towat half of the ear^ which is opposite 
tlie sun, and night to the inhabitants of the otlier half, 

3. The motion of the earth js fropi west to east, 
wliicli gives the appearance of the sun's motion from 
cast to west, for when any part of the earth, London 
for instance, turns into the aim’s light, the appearance 
is the same as if the sun, by its motion, in a contrary 
direction, came into sight of the earth, 

4. The different seasons are occasioned bj the annual 
revolution of the earth round the $^n, which causes the 
smi to appear to rise and set evefy day at different 
points of the horizon ; and to be higher in the heavens 
in some parts of the year than at others. 

5. According as the sun is higher in the heavens, and 
longer above the horixon, the days are hotter. 

6. When it is summer to the northcsni parts of the 
earth, it is winter in the southern. 

7. The sensible horizon is that apparent circle which, 
on an extensive plane, or on the surface of the ocean, 
seems to bound the sphere of vision. 

8. Tlie rational horizon divides the heavens into two 

equal parts or hemispheres, — the visible, which is above, 
and the invisible, which is below it. , 

9. The sun, moon, planets, and fixed stars, appear 
to revolve about the earai in 24 hours. 

10. The meridian divides the time of the course of 
the celestial bodies above the horizon into two equal 
parts, and when the sun is at the meridian it is mid-day. 

1 1 . When we look directly to the north, we have the 
south at our back ; the west on the left hand ; the east 
on the right ; the point directly over our heads is called 
the zenith, and the nadir is under our feet. 
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12* The Equator or equinoctial is that great circle 
which is supposed to divide the globe into two equal 
parts, the one north and the other south. 

13. Tlie ecliptic is the sun’s apparent annual path: 
the angle which it makes wit# the ^uatot is called tlie 
oblTquity of the- ecliptic, and the points wliere it inter- 
sects the equator are called the equinoctial points. 

14. The zodiac is a broad portion of .^^ie heavens, 
following the direction of the ecliptic, arid extending 
about eight degrees on each side of it. 

15. 'Hie tropics are the circles parallel to the equator, 
tliat towards the north is called the tropic of Cancer, 
and that towards the south tlie tropic of Capricorn. 

16. Tlie earth is called a parallel, or right, or oblique 
sphere, according to the position of the inhabitants. 

17. To the people whq live at the poles, if there be 
any, the earth is reckoned a parallel sphere, because 
there the equator is parallel with the horizon. The 
poles are in the zenith and nadir : and there the people 
have but one day and one night in tlie year, each being 
six months. 

18. To the people who live at the equator the earth 
is a n^ht sphere, because there the equator is at right 
angles to the horizon; the poles will lie in the horizon, 
and the zenith and nadir will be in the horizon. 

19. To those who live in any other part of the earth 
except the poles and the equator, the earth is an ob- 
lique sphere, liecause to them tlie equator cuts the 
horizon obliquely. 

20. To the inhabitants of an oblique sphere, those 
who live beyond the tropics never have the sun in their 
zenith: but to those under Uie tropics he is vertical 
once, and to those between the tropics and tlie equator 
twice every year. 

QUESTIONS FOa EXAMINATION. 

What ia the earth, and in how long does it move round 
the atm ? 

Oire the illustration. 

' fi. What do you mean by the diurnal motiofi of the earth t 

5, Which way does tl^ earth turn, and what appearance does 
It occasion ? 
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4,. Bv what are the HifTerent seaspns ocoasiotked'! 

5* \^at are the causes %f hot day's ? 

^ d. When it is summer in the nortberh parts of the globe, what 
is it in the southern ‘t 

7, What is the sensible horison t 

8, What is the rational honzon 1 

9, How do the sun and planets appear to tdotre 1 . 

10, What is the meridian? 

1 1 . How dgj>ou find the noi^, and south, Sec 1 
1!^. What i|phe equator t 

13. What is the ecliptic ? 

14. What is the zodiac? 

15. What are the tropics? * 

16. How is the earth called with respect to the position of the 
in habitants? 

17. l‘o whom is the earth a parallel iqihere? 

18. To whom IS the earth a right sphere? 

1 9. I'o whom is the earth an oblique sphere ? 

^0. How does the sun affect those who UVe in an oblique sphere ? 


LESSON THE THIRD. 

OF MARS, JUPITER, SATURN, AND THE HERSCHEL. 

1. The planet Mars is at the distance of 144 millioijs 
of miles from the sun, and the length of his year is 
etiual to 687 of our days. His day is a little longer 
than ours, being 24 liours 39 minutes. 

2. The diameter of Mars is almost 4,200 miles in 
length ; and he enjoys only about half as much with 
resect to light and heat from the sun that we enjoy. 

3. Jupiter is the largest of all the planets, his diameter 
being 90,000 miles in length, and he is 490 millions of 
miles distance from the sun, and enjoys only a twenty- 
fifth part of the light and heat that we experience. 

4. Jupiter’s year is equal to about twelve of our 
years, and his day and night are equal to ten of our 
hours. . 

5. Jupiter has four satellites, which are subject to be 
eclipsed hke qur moon, and from these eclipses has 
been ascertained the velocity of light. 
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6. Saturn is 900 millions of ^iles from the #un : his 
diameter is 80,000 miles in length, and his year is equal 
to thirty of ours. 

7. Saturn enjoys ninety times less heat and light 
from the sun than we havef yet his light is equal to 
wliit would be produced by 500 of our moons when at 
the full, 

8. Saturn has seven satellites or mooj||, and he is 
encompassed with two broad rings, whicrRre supposed 
to be of considerable importance in reflecting the sun’s 
light to the planet. •^His day is not half the length 
of ours. 

9. The Herschel planet was discovered by Dr. 
Herschei, from whom it takes its name, in the year 
1781 ; it is too small to be discerned by the naked eye. 

10. The diameter of the Herschel is 35,000 miles 
long, and he is 1,800 millions of miles from the sun, 
around which he performs his journey in cighty-two of 
our years, 

1 1 . The light of the sun at the Herschel is equal tc' 
nearly as much as 250 of out moons at the full would 
supply. ^ 

12. llie Herschel has six moons to afford him light 
in the absence of the sun. 

13. Comets, like the planets, revolve about the sun, 
in very eccentric or long orhits, so that at some periods 
they are beyond our observations, and at others tliey 
are much nearer the sun ^au Mercury, the nearest of 
the planets. 

14. Comets are usually accompanied with tails of 
gre^t length and ei^ut, appearing as a faint light alwayi^ 
directed towards a point neatly opposite the sun. 

15. A very brilliant comet was distinctly seen by the 
naked eye, lor sevpral weeks in the autumn of the year 
1807, and another was observed for some time in 1811 

QtTRSTlOKS ton RXAMINATION. 

1. What facts are metitiotied with respect to Hars? 

2. What is the length of the diameter of Mtrs, and what pro- 
portion of light and heat does be enjoy ? 
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3« What facts are mention^ with inspect to Jupiter? 

4. Wltat is the length year and day ? 

d. How many *6816111168 are there belonging to Jupiter, and to 
what hare their eclipses been applied ? 

6. What arA the &cta naentioned with respect to Saturn ? 

7. W^hat proportion of ligh^ and heat does Saturn enjoy ? 

B. How many satellites has Saturn, and of what use are his 
rings ? 

9. When and by whom was the Herschei planet diseorered ? 

10. What faflit are mentioned concerning this planet? 

1 1 . What proportion of light does he enjoy ? 
li!. How many moons has the Herschei? 

13. What 18 said of comets? * 

14. With what are they accompanied ? 

1.^. When did the last comets appear ? 


LESSON THE FOURTH. 

OF THE MOOT? AND OTHEU SA'JQELLITES. 

1 . The diameter of the moon is 2,200 miles in leng:th, 
and she revolves about the earth at the distance of 
240,000 miles from it. 

2. The moon shines by a light borrowed from the 
sun ; her year is of the same length as ours : but her 
day and night are together equal to about 29^ of ours. 

3. When the moon is in a line between the earth and 
sun it is invisible, and is said to be in conjunction ; it is 
then new moon, or change, but we call it new moon, 
tlie first time it is visible after change, that is, the se- 
cond day after change. 

4. Tlie moon is invisible at change, because her en- 
lifiitened half is entirely turned away from the earth; 
and as she advances in her orbit we get, by d^rees, a 
siglit of her enlightened half. 

5. When the earth is directly between the sun and 
moon, they are said to be in opposition, and the moon 
is said to be full, because we see all her enlightened half. 

6. She then declines and shews less and less of her 
enlightened surface till change, when it is again lost to 
the earth. ^ 
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7* Tlie moon is thought to be mhabited, because it 
bears a general analogy to tRe earth : and the earth 
answers the purpose of a moon to her, only appearing 
thirteen times larger than our fiill mooii appears, and is 
subject likewise to the same changes of hpsmed, gibbous, 
fill!, &c. 

8, Before the full, the boms of the moon arc turned 
to the west, and after the full they are turned to the east. 

9, When any heavenly body is obscur^ or darkened 
by the shadow of another falling upon it, or by the in- 
terposition of any bqdy between it and the sun, it is 
said to be eclipsed. 

10, tlie earth being an opaque body, enlightened by 
the sun, will tast a shadow tr)war<ls tliat side which is 
farthest from the sun. 

11, The moern revolves about the eartli near enough 
to pass thpjuih the shadow projected by the earth. 

An eclipse of the moon takes place wlien the 
sun, the earth, and the moon, are in a straight line, 
and it is occasioned by the moon’s passing through the 
shadow projected by the earth, 

13, An eclipse of Uie sun happens when the moon is 
in an exact line between the sun iind earth, that is, at 
the time of change or new moon, and it is occaskniecJ 
by the moon's intercepting the light of the sun. 

14, Tlie moon rises on an average three quarters of 

an hour later on one day than it did tlie preceding ; but 
about the time of ftilbmoon in September, the diderence 
of time for several evenings together is not more than 
from fifteen to twenty minutes each evening ; this is 
called the harvest moop, from riie advantages which its 
light confers at that season, • 

15, In tlie polar circles the frill moon never rises in 
summer when she is not wanted, nor sets in winter when 
her light is so much required, 

16, Jupiter has four satellites; which were among the 
very earliest discoveries of the telescope by Galileo, the 
inventor of that instrument, in tlie year 1610. 

17, Saturn has sev^n satellites, tvjo of which, viz. 
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those nearest the planej^ were discovered by Dr. Herschel 
in the year 1789. 

18. The Herschel planet has six satellites, all dis- 
covered by Dr. HerscheL after whom, as tlie discoverer, 
the planet is named. * 

19. The four smaller planetary bodies discovered 

during the present century have been named, “ The 
Ceres Ferdinandea,'* discovered by M. Piazzi; “Tlie 
Pallas, discovered by Dr. Gibers; “The Juno,’' dis- 
covered by M. Harding; and “ The Vesta,'’ discovered 
by Dr. Gibers.* • 

20. The largest of these is the Pallas, being rather 
more tlran 2,200 miles in diameter : it revolves about the 
sun in four years and eight months, at the distance of 
288 millions of miles. 

21. Its orbit and those of the other three are all 

between Mars and Jupiter. • 

QUESTIONS FOR EXAMINATION. 

1. AVhat is the length of the diameter of the moon, and at 
what distance is it from the earth ? 

t?. How does the moon slime, and what is the length of her 
year and of her day ? 

3. \V hat is meant by new moon 1 

1. Why is the moon invisible at change ? 

W'iieii is it ftill moon ? 

6, What happens after the moon is full? 

7. Is the moon supposed to be inhabited ? 

B, How are the horns of the moon situated before and after it 
IS full ? 

9. What is meant by a l>ody being eclipsed ? 

to. W’hat is the consequence of the earth being enlightened by 
tlio sun ? 

11. Can the moon pass through the shadow projected by the 
earth ? 

ri. When does an eclipse of the moon happen ? ' 

13. When does an eclipse of the sun happen? 

14, What IS meant by the harvest moon? 

* The Ceres was discovered 1st. January, 1801. 

— 20th. March, .• 1802. 

— Jiuio Ist, Bopteraber, 1804. 

— Veslu early m 1807. 
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id* In what place and at what time ^oea the moon whfn at the 
full never rise nor set ? 

16. How many satellites has Jupiter, end by whom were they 
discovered 1 

17. How many satellites has Satu|» ? 

18. How many satellites has the Herschel ? 

19. What are the names of the smaller and lately discovered 
planetary bodies 

20. Which is the largest of them? 

21. How are their orbits situated ? 


LESSON THE FIFTH. 

OF THE SUN AND FIXED HTARS. 

1 . The sun, thou|^li appearings to us only as a circular 
disc, is of a/Spherical form, having it diameter equal to 
880 thousand miles in length. 

2. Tlic sun is situated at the centre of the system of 
the planets, over which it perpetually exerts the most 
important influence: it affords them heat and light, 
more or less in proportion to their distances from it : 
by the gravitating power of the sun also the planets are 
kept ill their orbits, 

3. The sun, like the fixed stars, shines w'ith its own 
unborrowed light : and may be considered as a fixed star. 

4. Tlie sun revolves on its axis in twenty-five days 
ten hours, in a direction from west to east, the time 
and direction are ascertained by the spots which are 
usually to be seen on his surface. 

5. The quantity of matter in the sun is to that con- 
tained in .lupiter, as 1,100 to 1. 

6. The sun’s diameter is equal to 1 00 diameters of 
the earth, aud therefore its magnitude is a million of 
tirae^ larger than the earth : but its density is nearly 
four times less than that of the earth, so that the 
quantity of matter in the sun to that in the earth is as 
250,000 to I. 

7. Tlie fixed stars are at immense distances from the 
earth, shine by their own light, and arc doubtless suns 



ASTRONOMY, 


2^1 


to oth«r systems of planets. They are called fixed, be- 
cause they never appear to cliange their pla(ies with 
respect to one another like the planets. 

8. The ligjht of the stars appears to the naked eye to 
be white, being too fainf to excite the idea of any par- 
ticular colour, but if the light be highly concentrated 
by immense specula, it appears of different colours. 

9. Not more than 1,000 stars are visible at once, and 
from one place by the naked eye. 

10. The stars, on account of their apparently various 
mafgnitudes, have been distributed into classes or orders : 
those which appear largest are called stars of the first 
magnitude : tlie next to them in lustre, stars of the se- 
cond magnitude, and so on to tlie sixth magnitude, 
w'hich are the smallest that are visible to the naked eye. 
The others are called telescopic stars. 

1 1 . The stars are arranged in constellations, supposed 
to n.'presont certain figures of animals, &c. which divi- 
sionh serve to distinguish them from one another, so 
til at any star may, by the assistance of the terrestnal 
globe, tie readily found out. 

12. There are about seventy constellations, and the 
jiruK'ipal stars are marked by the letters of the Greek 
alphabet. The stiir.s not included in any constellation,* 
are ^jailed unformed stars. 

13. Particular names are likewise given to some small 
collections oj' stars, and also to remarkable stars of the 
first magnitude : thus the cluster ot‘ small stars In the 
neck of the bull is called the Pleiades : the five stars in 
the bull’s face are denominated the Hyades : a brilliant 
star in the Lion’s heart is called Leo, and a large star 
between the knees of Bootes is called A returns. 

14. The luminous part of the heavens called the 
Milky Way, consists of fixed stars too small to be seen 
by the naked eye. 

15. There are spots in the heavens called Nebidm^ 
some of which consist of clusters of telescopic stars, 
others appear as luminous spots of different forms. 

16. Each nebula is thought to be composed of a 
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number of suns, and each sun k probably destined to 
give light to a system of worlds. 

17. There are also nebulous stars, that is stars sur- 
rounded with a faint luminous atmosphere. 

QUESTIONS FOa EXAMINATION. 

1. How is tJie sun descnl)odI 

3?. How is It situated, and bow is its influence exerted? 

S. With what kind of lig:ht does it shine? 

4. Does it revolve on its axis, and how was that ascertained \ 

5. What is the quantity of matter in the sun compared with 
that of Jupiter ? 

6. What is the size of the sun compared with the earth ? 

7. What are fixed stars ? 

8. W hat colour is the light from the fixed stars \ 

9. How many stars are visible at the same Ume and place ^ 

10. How are the stars distributed ? 

11. How aiie they arranged ? 

12. How many constellations are tliere, and how are the single 
stars marked ? 

13. Are names given to any small collections of stars f 

14. What is the Milky Way ? 
lo. What are the nebulas? 

16. What is each nebula? 

17 . What are nebulous stars ? 


LESSON THE SIXTH. 

OF THE TIOEh. 

1. The tides are occasioned by the ebbing Euid flowing 
of the sea, which are caused by the attraction of the 
sun and moon, but chiefly by the latter. 

2. The attraction causes the waters to assume a 
spheroidal figure, the longest axis being in the direction 
of the moon. 

3. Tlie highest tide is at that place which is just 
under the moon, not indeed w^hen the moon is on the 
meridian, but some little time after, because the force 
of attraction continues to act after it has passed the 
meridian. 
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4 The spheroidal figure of the waters keeps pace 
with the moon in its jSumey round the earth, which by 
its diurnal rotation upon its axis, presents each part of 
its surface to the action of the moon. 

5 There are two tides in every place, occasioned 
by the attraction of the moon, in about 24 hours and 
53 minutes. 

Illustration. — If the moon were stationary there would 
be two tides in 24 hours; hut the moon proceeding 13 degrees 
in her orbit from west to east, the earth must make more 
than one revolution on its axis before the same place is in 
conjunction w ith the moon, and therefore the two tides take 
placie in 24 hours and 50 minutes. There are two tides, be- 
cause the action of the moon produces a tide in the place 
over w hich it passes, and also in the opposite surface at the 
same time. 

6. The moon, from the eliptic form of her orbit, is 
sometimes nearer the earth than at othefs ; when she 
is nearest, the attraction is the strongest, and the tides 
the highest : hence the reason of liigh and low tides. 

7. The force of the sun, in raising the tides, is to 
that of the moon only as 1 to 5 ; when the sun and 
moon both act in the same direction at the time of full 
moon, the tides will be raised as 5 -f 1 or 6, which is 
the cause of spring-tides,^* but when they act in op-^ 
posite directions, as in the quarters, they will be raised 
as 5 — 1 or 4, which is the cause of neap tides.** 

8. The highest tides happen a little before the vernal, 

and a little after the autumnal equinoxes. i 

9. In open seas the tides rise but to very small heights 
in proportion to what they do in wide mouthed rivers, 
opening in the direction of the stream of the tide; for 
in channels growing gradually narrower, the water is 
accumulated by the opposition of the contracting bank, 

10. The irregularity of the tides is occasioned by 
their passage through narrow channels, and by their 
striking against capes and head-lands, which cause the 
tide> to happen at different hours according to the situa- 
tion of the pl^ce. 

11. In general the greatest height of the water in 
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open seas, happen about an hqpr after the movon has 
left the meridian of the place. 

12. In the German Ocean the highest tide is three 
hours after the moon has passed the meridian, and it is 
twelve hours in coTning from thence to London Bridge?. 

13. There are no tides in lakes, because they are so 
small, that when the moon is vertical over them she 
attracts every part of them alike. 

14. The tides in the Mediterranean and Baltic seas 
are hut trifling, because the inlets by which they com- 
municate with the oceaii are so narrow, that they can- 
not, ill a short time, receive or discharge enough to 
raise or sink their surface very much. 

QUESTION'S FOR EXAMtK.iTION. 

1. How «3re the tides occasioned ? 

2. Whflt does the attraction pi-oduco 1 

3 . Where and when i« the highest tide? 

4. How is each part of the earth presented to the nux/n b at. 
tractive influence? 

How often are tides occasioned ! 

Give the illustration. 

6, When are tlie tides the highest? 

7. Explain the cause of spring anti neap tides. 

^ 8. When do the highest tides happen ? 

9. Bo the tides rise higher, or not so high in the^open seas, as 
in rivers connected with ihem.^ 

10. W’hat occasions the irregularity of the tid6«? 

11. At what time <loe:» the highest tide happen in open seas? 

19. When is it highest in the Gemuui Ocean ? 

1*5, Why are there no tidts tii lakes? 

14. Why are the tides lu the Baltic and Mediterranean but 
trifling? 
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THE FRAKKIIKIAN THEORY. 

Eloctricity poasefisefi much of what is admirably adapted to disci- 
pline the mind.** — Morgan. 

Electricity is a term ttsed to denote the operations of a 
very suhtile fluid, in most cases invisible; but which some- 
times becomes the object of our senses, proving itself to be 
one of the principal agents employed in producing the phe- 
nomena of nature. 

The attractive power which amber and other electric bodies 
acquire by friction, was Jong known to philosophers ; and it 
may be ri'.marked, although perliaps almost unnecessary, that 
this branch of science derives its name from c/aefrew, the 
Greek word for amber. The other electric properties were 
slow ly discovered. Mr. Boyle was the first who had a glimpse 
of the electric light; as he remarked, after rubbing some 
diamonds in order to give them tlie power of attraction, that 
they afforded light in the dark. 

As the student will perceive by the fourth proposition in 
the following lessons, it was formerly conjectured that there 
were two kinds of electricity ; but Dr. Franklin, whose theory 
is now generally adopted, rejected this i4ca. He supposes 
that the electric matter is every where the some, and that all 
bodies contain a certain portion of this matter. Glass, and 
those substances, however, which are denominated electrics, 
he sup]K)ses contain a large ^rtion of the matter, but are 
not to be penetrated by it; and those substances, on the con- 
trails which are called non-electrics or conductors, he regards 
as permeable, or capable of being penetrated by it. 

When any body contains a superfluous quantity of the 
electric fluid, it is then, according to Frankhn’s theory, elec- . 
trifled positive, or plus: w'hen it contains less than its proper 
share, it is said to be Tiegative or electrified minus, that is, 
some of its electricity is taken from it. That electricity, 
therefore, W'hich was before called vitreous. Dr. Franklin calls 
positive electricity ; and that which was termed the resinous, 
lie considers js negative electricity. If, therefore, a rough 
and smooth body are rubbed together, the smooth body in 
general will have the positive electricity, and the rough the 
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negative. Thus, in the ordinary (peration of the lelectrical 
machine, the cylinder is positively electrified or plus^ and the 
rubber negatively or minus: and the redundancy of the posi- 
tive electricity is sent from the cylinder to the prime con- 
ductor. This, however, is siqiposing die chain, which com- 
municates with the earth, to be tS: the same time in contact 
with the i-ubber; for as the earth is the grand rejmsitory of 
the electrical matter, if the chain is removed, and put over 
the prime conductor, these effects will be reversed, and the 
prime conductor will then be negatively electrified, or minus, 
and the rubber will be plus or positive. 

Klectricity nccelemtes the evaporation of liquors, and the 
perspiration of auimnls. 'There is reason also to ajiprehcnd 
that it is not without effect u})ou the vegetable creation, as 
from some exjM'riments we me led to conclude, that jilants 
w'hieh have been electrified, vegetate curlier and more vigor- 
ously than those which have not been subjected to its influence. 

Electricity is, indeed, a most powerful agent in nature, and 
we are probably not yet acquainted with all its effects. It is 
however, in tbe atmosphericfil phenomena, that these efiects 
are the most apparent and treineudous. It is to Dr. Franklin 
that we are indebted for the amazing discovery, that the cause 
which produces thttnuer mid lightning is precisely the 
same with that which jiroduces the ordinary phenomena of 
electricity. 

This truly eminent philosopher was led to the discovery by 
comparing the effects of lightiiiiig ami tliose jiroduced by an 
electrify mg machine, and by retlucting that if two gun-barrels 
when electrifiod w'ill strike at tyvo inches with a loud report., 
what must be the efiect of ten thousand acres of electrified 
cloud. After much thought ujwu the subject, he determined 
to try yvhether it was not possible to bring the lightning down 
from the heavens. A thought at once daring and sublime 1 
With this view' he constructed a kite, like those which ai’e 
used by school -boys, but of a larger size and stronger ma- 
terials. A pointed w ire was fixed upon the kite, in order to 
attract the clectri<'al matter. The first favourable opportu- 
nity he w^as impatient to try his experiment, and he sent hia 
kite up into a thunder cloud. The experiment succeeded be- 
yond his hope. Thti wire in the kite attracted the electri- 
city from the cloud j it descended along the hempen string, 
and was received by an iron key attached to the extremity of 
the hempen string- ; that part yvhich he held in his hand being 
of siik, in order that tlic electric fluid might atop when it 
reached the key. At this key he charged ])liials, w ith which 
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pfaiak l^tis charged he kindled spirits^ and performed all the 
common electric^ experiments. 

Thus it is evitlent that the cause of those terrible convul- 
sions of nature, which in warm climates especially, are at- 
tended with such tremendous effects, is no other than a 
superfluous mass of electrical matter collected in these im- 
mense watery conductors, the clouds •, and tliat this matter is 
discharged when an electrical cloud meets with another whicdi 
is less powerfully charged, or when it is brought sufficiently 
near the earth to be within the sjihere of the electrical attrac- 
tion. This fact may be proved at almost any time, but par- 
ticularly in a sultry summer’s evening, by repeating Dr. 
Franklin’s experiment with the kite. 

Thunder storms in this country are seldom attended with 
fatal effects, yet it is desirable to be made aware of their 
approach. They are generally observed to happen w^hen there 
IS litth*. or no wind, and are preceded by one dense cloud or 
more, increasing very rapidly m siae, and rising into the higher 
regions of the air. The lower suriace is blaftk, and nearly 
level, the upper parts are arched and well defined j sometimes 
many of them appear piled one upon another, all arched in 
the same manner. At the time this cloud rises, the air is 
genei*ally full of separate cloiicU, motionless, and of whim- 
sical shapes. Tliese gradually are drawn towards the thunder 
cloud, and when they come near it their limbs mutually stretch 
towards each other, and then coalesce. Sometimes, however, 
the thunder tdoud swells and enlarges without the addition of 
these clouds, from its attracting the vapours of tlie atiuos-* 
pherc, w’herever it passes. When the thunder cloud is grown 
to a great size, the lower surface becomes rugged, parts being 
detached towards the ejuth, but still connected w'ith the rest. 
About this time also it seems to sink lower, and a number of 
small clouds are driven about under it, in very uncertain di- 
rections. It is while these clouds arc most agitated that the 
rain or hail falls in the greatest abundance. 

While the thimder cloud is swelling, and extending its 
branches over a large tract of <?oimtry, the lightm^ is seen 
to dart from one part of it to another, and often to illuminate 
its w hole mass. When the cloud has acquired sufficient ex- 
tent, the lightning strikes TOtween it and the earth in two 
opj>osite places. As the lightning continues, tlie cloud grows 
thinner, till at length it breaks m different places, and dis- 
plays a dear sky. 

The clouds, •fiow'ever, are sometimes negatively electrified 
with respect to the earth, and in this case the lightning is 
o 2 
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supposed to proceed from the eartb to the cloud j hut the 
mischievous effects are the same, and in fact, there is reason 
to think that this is a rare case. • 

During a thiin<lcr storm the safest place is in the cellar ; 
for when a person is below the smfacc of the earth, the light- 
ning must strike it before it can reach him, and its force will 
therefoi’e be probably expended on it. When it is not pos- 
sible to retreat to the cellar, the best situation is in the middle 
of a room, not under a metal chandelier, or any other con- 
ducting surface ; and it is adviseable to sit on one chair and 
to lay the feet uj) upon another: persons in fields should 
prefer the open parts to aisj^ shelter under the trees, &c. The 
distance of a thunder cloud, and consequently the degree of 
danger, is not, however, difficult to be estimated. As light 
travels at the rate of 72,420 leagues in a second of time, its 
effects may be considered as instantaneous, within any mo- 
delate flistance; but sound, on the contrar)% is transiiiitted 
only at tlie rale of 380 yards in a second. 6y accurately ob- 
serving the time, therefore, which intervenes between the 
flash and the noise of thunder which succeeds it, a very near 
calculation may be madt^ of its distance. 

The discovery of Dr. Franklin, which ascertained the iden- 
tity of lightning and the electric fluid, suggested to the same 
philosopher the means of preservuig buildings from lightning, 
oy means of metallic conductors attached to the outside of 
high buildings. As these are now so common, it is unneces- 
sary to desenbe them. The principle on whieli they are con- 
*8tmcted is the well-known fact of metallic* bodies being better 
conductors of the electrical fluid than any others. The con- 
ducting rod is pointed at the top, in order the more gradually 
to attract the electricity from the clouds and the atmosjdicre ; 
and the upper part should be made of copper, to prevent its 
rusting, and the remainder should be painted. The con- 
ducting rod should not be too slender, and sbouhl extend in 
the earth beyond the building, to convey the electric: matter 
clearly away, and if it terminates in a pool of water, winch is 
one of the best conductors, it will be still safer. 

After thi.s great discovery clectjicians began to apply the 
theories of electncitj^ to a gre^ variety of other phenomena. 
Thus if has been attempted to* ccount uj)on these princijdes 
for the rising of vapoura in the atmosphere, and the i'all of 
min. Previous to rain, it is supposed that a quantity of elec- 
tric matter escapes from tlie eaith, and in its ascent to the 
higher regions of the air, collects and conducts into its path 
a great quantity of vapours. The same cause that collects 
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will gradually coudenBe^hem, till they come almost into con- 
tact, so as to form small drops too heavy to he supported by 
the air, and then uniting with others as they fall, come down 
in rain. 

Hail is supposed upon the same principles to be formed 
in the higher regions of the atmosphere, where tlie cold is 
intense, and where the electric matter is very copious. In 
these circumstances a great number of watery particles are 
brought near together, w^here they are frozen ; and in their 
descei^they collect other particles, so that the density of the 
hail-stoTie is less at the surface than near the centre. And 
agreeably to this theory it is founj, that on the tops of high 
mountains both the haU-stones and drops of rain are veiy 
small, owing to the little space through which they fall. 
Clouds of mow differ from the clouds which produce rain 
only in the circumstance of their being frozen in the upper 
regions. Tlie regularity in whicdi the flakes are disposed is 
used as an argument to shew ^hat they are acted upon by 
some uniform cause like electricity. • 

It is no small conhimation of this theory, that vapours 
seldom rise to a great height without producing luminous 
meteors. Almost all volcauic eruptions are also accoxnpanied 
by lightning. The column of vapour which rises from the 
volcano is continually traversed by lightning in different di- 
rections. Waterspouts are known also frequently to emit 
dashes of lightning, and to be accompanied by thunder; from 
w hich circumstance some have accounted for them, too, upon 
electrical principles. • 

The aurora borealis (or northern lights) is generally re- 
garded as an electrical phenomenon; and is supposed to be 
produced by the electrical fluid being condensed in passing 
the columns of elevated vapour. 

From all this it may be inferred, that if electricity is not 
the immediate cause, it is alwnys strongly conne^ed with the 
phenomena of the atmosphere; and these facts seem also 
further to indicate, that if the electrical fire is not indentically 
the same as common elementary Are, it is at least a combina- 
tion of that fluid with some other unknown substance. 

LESSON THE FIRST. 

CONPUCTOIIS. 

I . Electricity is that power which certain bodies pos- 
sess, when excited by friction, of attracting light sub- 
stances. 
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ExAiaple. — ^Amber, sealing-wax^ tresin, glass, &<fc when 
rubbed pretty briskly with the hand, or a woollen cloth, will 
attract light bodies, as bits of paper, feathers, &c. 

2. The earth and all bodies with wdiich we are ac- 
quainted are supposed to contJhin a certain quantity of 
fluid or fluids, called the electric fluid. 

3. The quantity belonging to all bodies in their com- 

mon state is called tlieir natural share, and produces no 
sensible effect. t 

4. There are two opinions respecting electricity, the 
one supposes there are hvo distinct fluids, viz. the vitre- 
ous and resinous, so named from glass and resin, wliicli 
produces tliem by friction; — the other opinion, and more 
rational, admits of only one fluid, or one kind of elec- 
tricity. 

5. When bodies hold their own natural quantity un- 
disturbed, they are said to be non-eiectrificid ; but when 
they possess more or less than their natural share they 
are said to be electrified. 

6. When a body contains more fluid than its natural 
(juantity, it is said to be pins or positively electrified; 
and when it contains loss than its natural quantity it i.s 
said to be minus, or negatively electrified. 

7. All bodies with res})ect to electricity are either con- 
\luctors or non-conductors. 

8. Bodies that transmit the electric fluid are called 
conductors, and those which will not transmit the electric 
fluid are called non-conductors or electri(\s. 

9. Metals, charcoal, water, and other fluids, except 
oil, are conductors of electricity : glass, resin, wax, sul- 
phur, silk, <!kc. are non-conductors, and may be excited 
by friction. 

EXPEKIMBNTB. 

(1.) If I take a clean and dry glass tube, and rub it up and 
down several times with a diy piece of flannel, the tube is said 
to be excited, and if presented to any small light substances, 
it will attract and repel them alternately. 

(2.) If the tube be*, excited m the dark, and the knuckle 
presented, % spark will bt* seen passing between the finger 
and tube, accompanied with a snapping noise and the sensa- 
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tion of 4 )ain. The noii^ and sensation in this experiment, 
and the attraction and repulsion in the other, are electrical 
effects. 

(3.) If a small pith ball, suspended on a silken thread, be 
brought near the tube whey excited, it will attract it, and the 
l)all will bo positively electrified, that is, it will have more 
than its natural share: if another ball be treattwl in the same 
way, and then the two brought near together, they will repel 
one another. Which proves that bodies similarly electrifietl 
repel each other. 

(4.) If a roll of sealing-wax or other resinous substance be 
excited, and a pith ball be brouglit near it, the ball w'ill be 
attracted; and if another be placed in the same situation, 
and then the two brought together, the} will repel one another. 

(5.) If a ball electrified by the glass tube be placed near 
one that is electniicd by the wax or resin, then the two balls 
will attract one another. Which proves that bodies dissimilaidy 
clectritied attract one another. 

Exjdauation, — It is supposed that the glass ^ube by being 
excitcil possesses more than its natural share of the electric 
thud, part of which it gives to the ball brought near it: and 
that the wax or resin % excitation has less than its natural 
share, and takes aw^ay a p}irt of that contained in the ball 
placed near it. When these balls are brought , together they 
attract one another in order that the one that has more than 
its natural share may give the superabundant quantity to the 
other that has less tlnan Us natural share. 

(fi.) If an oblong jheoe of metal, such as an iron skewer, 
he suspended on a silk string, and the exated glass tube be 
brought near one end, the other end of the skewer will 
exhibit the same pheuomena as the tube, which proves that 
the electric thiid passes through the metal. This will not be 
the case if a stick of wax be used insteailof the iron, shewing 
that wax is not a conductor of tlie fluid. 

1 0. When a conductor is suiTOiinded by, or suspended 
or placed upon, non-conductors, it is said to be insulated. 

1 1 . Positive and negative electricity always accom- 
pany one another; for if a substance acquire the one, 
the body with which it is rubbed acquires the othei*. 

12. If one part of a conductor receives the electric 
fluid, the whole substance is pervaded with it : but if a 
non-conductOF be presented to an electrified body, it 
becomes electrified in one small spot only. 
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13. If to one side of a non-cend actor, as a glass jar, 
positive electricity be communicated, the opposite side 
will be negatively electrified, and the jar is said to be 
charged. 

14. The positive and uegktive electricities may Ijt* 
brought together, if a communication be made between 
them by conductors. 

15. When the two electricities are brought together 
their virtues are destroyed, and the act of their union is 
(tailed the electric shock. 

QUESTIONS FOR EXAMINATION. 

1. What is izusaat by electricity ^ 

Give the examples. 

S. Do all bodies contain a portion of the electric fluid ? 

3. What is meant by the natural share of electricity ? 

4. What the different opinions with regard to electricity 

5. When are bodies said to be non-eleotrified, and when elec- 
trified? 

6* When IS a body said to be positively, and when negatnelv 
electrified? 

7. How are bodies divided with regard to electricity ? 

8. What is meant by conductors and non-conductors ? 

9. Mention some of the conducting and some of the non-con - 
ducting substances. 

Can you describe the experiments? 

10. When IS a body said to be insulated? 

11. Do the two electricities accompany one another? 

12. What is the difference in the eflect of the «lectrie fluid 
being received by a conductor or non-conductor ? 

13. When is a jar said to be electrified? 

14. How can the electricities be brought together? 

16. What is meant by an electric shock ? 


LESSON THE SECOND. 

ELECTRICAL MACHINES. 

1 . Machines have been contrived for rubbing together 
electrics and conductors, and for collecting the electric 
fluid from surrounding bodies: these are'called electrical 
machines. 



ELECTRICITY. 


303 


Illustration. 

Fig. 1. represents an 
electrical machine and 
conductor: LJVI is a 
glass cylinder, turned 
by a hmidle 13 against 
a rubber C, to which is 
attached a piece of silk 
F). By the friction of 
the glass against the 
rubber the electricity is 
collected and carried to 
the conductor E. Ilie 
rubber C is fastened on 

a glass pillar G, and the cylinder LM and conductor E are in- 
sulated ; therefore before the machine can be worked with efl’ect, 
a chain is hung on the knob Z, which reaches tp the ground, and 
by means of this cham tlie electricity is collected, for the rubbber 
having parted with all it has, is supplied from the ground. 

2. Some electrical machines are fitted up witli two 
conductors, one is in contact with the cushion, and the 
other in the situation already described ; when the ma- 
chine is worked they are in opposite states of electricity, 
tlic one at the cushion bein^ negative, and the other 
positive. 

EXPERIMENTS. 

(1.) If an ostrich's feather be placed in a hole at X of the 
conductor E, and the machine worked, the parts of* the feather 
will endeavour to avoid each other and stand erect, because 
the several filaments being electrified with the same electri* 
city repel each other. 

(2.) If figures, cut out in paper, he laid on a brass plate, 
and stand under the condiKd;(Wr E, and another brass plate be 
suspended from the conductor, about two or three inches 
above them, and the machine worked, the figures will leap up 
aud down till they have discharged the upper plate and con- 
ductor of their electricity. 

(3.) If tw'O small balls made of cork or of the pith of elder 
be fastened to silken threads, they will hang pamlel to each 
other and be in contact, but if brought near the electrified 
conductor, they will strongly re|>el each other. 

By applying Sn excited stick of wax to the balls while in a 
repelled state, it is know n w'hether the electricity be positive 
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or ne^tive; if positive the wax will bring them together, if* 
negative it will make them recede still farther. 

3. If a body containing only its natural share of elec- 
tricity be t)rought near any thing that is electrified, a 
part of the electricity will force itself through the air in 
the form of' a spark. 

Experiment. — Let a person bring his knuckle near the con- 
ductor of an electrified conductor £. 

4. When two bodies electrifitKl, the one positive! , 
and the other negatively, approach each otlicr, the su- 
perabundant electricity of the one will rush violently t(» 
the other to restore the equilibrium. 

5. If any number of persons be so situated as to form 
part of the circuit, the electricity in passing through 
them, produces a sudden and violent effect, called an 
electrical shf>ck. 

6. The motion of electricity, in passing from h posi- 
tive to a negative body, is so rapid, that it may be said 
to be instantaneous. 

7. Electricity con\nmnicated to glass does not spread 
beyond the spot where it is thrown, owing to the non- 
conducting quality of glass. 

8. Electricity may be communicated to the whole 
surface of any glass, or t<» any given part of it, if it he 
(?overed with a metallic substance, as tinfoil. This is 
called coating tlie glass. 

9. A glass jar. coated about three parts over, leaving 
tlie upper rim two or three inches deep, (juite free from 
coating, is called a Leyden jar. 

EXPBaiMKNTB, 

(I,) If a communication be made, by means of a chain, from 
the conductor to the inside of a Leyden jar, while it stands on 
a table, the jai’ will be charged: the inside being positively, 
and the outside negatively electrified. . if a communication be 
made between the coating on the outside, and that in the in- 
side, the equibbiiunj will be instantly restored. 

(2,) A shock may be taken by putting one hand to the 
ou^ide coating, and bringmg the other in contact with the 
inside. '' 

(3.) Any number of persons may receive the shock at the 
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same iiistont, by la}'itig hoW of each other’s hands, the iwsrson 
at one end touching the outside of the jnr, and the person at 
the other end bringing his hand in contact with the inside, 

1 0. Several I-ey den jars connected together by making 
a communication betweeif all the outsides and another 
between all the insides, form an electric battery. 

11. By means of an electric battery ver^ powerful 
effects may be produced. 

EXPERIMENTS. 

(1.) A slender harpsichord wire being made part of a cir- 
cuit, will, bv the dischoi’ge of the bhtteiy, instantly become 
red hot, ami sometimes melt. 

(2.) Gunpowder may be inflamed by the electrical battery. 

(3. ) If a quire of writing paper be suspended by a string, 
and two cads of a conducting wire be brought near each side 
of it, and the circuit completed, on ilischarging the battery 
the cdoctric fluid will pierce a hole Ihrough the paper without 
putting it in motion. * 

12. It is ascertained that lightning and electricity are 
the same, that is, lightning is tlie rapid motion of vast 
masses of the eledric matter; and tliunder is the noise 
produced by the motion of lightning. 

13. Metcillic points silently attract electricity from 
bodies charged with it; hence the use of pointed wires 
as conductors to secure buildings from the effects of 
lightning. 

14. The Aurorae Boreales, or northern lights, are the 
effects of the electric fluid passing through highly 
rarefied air. 

15. Emthquakes, whirlwinds, water-spouts, &c, are 
generally accompanied with, and dependant upon, elec- 
trical phenomena. 

16. Tliere are three kinds of fish, viz. tlte Torpedo, 
the Gyirmotus Electricus, and the Silurus Electricus, 
that aie possessed of the power of giving shocks similar 
to those experienced from the Leyden jar. 

17. Electric sparks and electric shocks have been 
ap}>liod to the cure of deafness, paralytic affections, in- 
fiamiimtioas, 
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QUESTIONS FOa EXAMINATION, 

1. What are electrical machines? 

Can you give the illustration, 

S. Have any machines more t^an one conductor, and how are 
they situated? 

3. How is the electric spark obtained ? 

W^hat is* the experiment? 

4. How is the equilibrium of two bodies, differently electrified, 
restored? 

5. In what way can any number of persons receive the elec- 
trical shook? 

6. ts the motion of electricity very swift ? 

7. Does electricity spread on glass? 

8. Can it be made to communicate with the whole, or w'lth 
any part of the surface of glass? 

9. What do you mean by a Leyden jar? 

Mention the experiments? 

10, How IS au electrical battery formed? 

11. Can considerable effects be produced by an electrical 
battery? 

What are the experiments? 

112. What are lightning and thunder ? 

13. Why are pointed wires used to secure buildings from the 
effects of lightning? 

14. By what are the Auroraj Boreales produced? 

Id. Do earthquakes, depend at all on electricity? 

Hi. Which are the electrical fish, and wdiat property do they 
posses ? 

! 7. Has electricitv been applied in medicine ? 
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WHAT I^EMBRACEb, 

" The disoovericH Of Franklin displayed the Influenee of electricity in 
the production of the mo.st magnificent phenomena of nature. That of 
Volta has led to the development of its connexion with her more si- 
lent, but important pTocesses. Like the power of gravitation, it seems 
to apply more cxtenHively the farther its investigation is pursued. Like 
that power too, its nature may for ever e$cai>e our cognisiahee; but the 
coutemplaliuu of its effects may supply new facts calculated to extend 
the roBourv.es of art, and enlighten our conception of the infinite variety 
and harmony of uatural phenomena. Such pursuits are amongst the 
best sources of inlelleotual improvement, for they call into action the 
highest powers of the mind, and present a constant succession of in- 
ti'resting objects for their exercise.** 

Singer's EkmtnU qf Electricity and Electro-Chemistry. 

Galvan ISM is a term used to desimate a recently discovered, 
but very extraordinary power, lahich metals dis|day and exert, 
bv mere external contact with the animal body. In the year 
1/91, a very remarkable discovery made by Dr. Galvani, 
of Bologna, was announced to the scientific world in a publi- 
cation entitled “Aloysii Galviiui de Viribus Electricitatis in 
motu muscular! Commentarius.” 

The discoveries of Galvani were made principally with deml 
frogs. He in the first place discovered that a frog dead and 
skinned, is capable of having its muscles brought into action 
by means of elcctricit}, even in exceedingly small quantities. 
Secondly, that independently of any apparent electricity, the 
same motions may be produced in the dead animal, or even 
in a detached limb, merely by making a communication be- 
tween the nerves and the muscles, with substances tliat are 
conductors of electricity. 

Galvanism or Voltaism, therefore, embraces the phenomena 
which result from diflerent conductors of electricity, being 
placed under different cinnimstances of contact. The con- 
ductors must be either perfect or imperfect conductors of 
electricity ; and the Galvanic phenomena may be produced 
by two conductors of one of these classes placed in contact 
with each other, in one or more points, and in other distinct 
points with a conductor of the other class : thus gold and 
zinc may be made to touch each other, in some poiqts, and 
may be connected in other points by a portion of common 
water. 
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To produce the Galvanic phenotieua with any covisiderable 
eflFect, severed series of conductors, thus disposed, should be 
employed. Then, not only may an acid taste, a flash of 
light, the contraction of muscles just detached from a living 
body, the oxidation of metals, and the decomtx)sition of acids * 
and of water, be produced; but shocks on the human body 
analogous to the electric shock, and brilliant sparks u ith the 
deflagration of even silver and gold, may also be owasioned 
by this fluid under certain circumstances. Fabroni, in Ni- 
cholson’s Journal for 18()0, noticing the oxidation of metals 
while under Voltaic influence, concluded it to be a chemical 
phenomenon merely, ha this year Volta aimounecd his dis- 
covery of the Galvanic pile, formed by plates of two different 
metals, as zinc and silver, disposed alternately with moiRtciied 
pasteboard between them. By connecting the ends of the 
pile by the hands, he obtained a strong shock, and produced 
many curious experiments, Mr. Nicholson in the same year 
employed much of his ingenuity in exaiuiiiing these pheno- 
mena, and devoted a considerable j»orti<>n of his journal to 
their investigation. By making a tube of water form part of 
the line (fonnecting the two ends of the pile, he found, from 
the wire jiassing into the water from the silver end, hvdrogen 
separatea; whilst the other, if an o.vidablc metal, beeaine 
oxidized; but if platina, In^ found oxygen was evolved. Thus 
was ascertained its chemical action, and its powers of decom- 
posing water. 

But the most im]iortant discoveries in Voltaism were inatlc 
by Sir Humphrey Davy. They, however, would of tliemselves 
fill a volume, and cannot be here detailed. 


LESSON THE FIRST. 

GENERAL PRINCIPLES. 

1 . Galvanism, which seems to be another mode of 
exciting electricity, derives its name from Galvani, w^ho 
made the earliest discoveries on the subject. 

2. Electrical phenomena are chiefly excited by fric- 
tion ; but the effects of Galvanism arc produced by the 
chemical action of bodies upon each other. 

3. Galvani first discovered that a dead frog may have 
its muscles brought into action by very small quantities 
of electricity. 



galvanxsMi or voltaism. 309 

4. Hi next observe^ that similar motions may be 

produced on dead or on living animals by making a 
communication between the nerves and muscles, by 
means of conducting substances, as metals of different 
kinds. ^ • 

5. The diversity of the metals employed, appeared 
in the very earliest stages of this inquiry, to be connected 
with their respective degrees of oxydability,* the one 
being possessed oi‘ that property in a great degree, while 
the other is little liable to the change. Hence, zinc and 
silver were found to produce the greatest muscular con- 
tractions. 

EXPERIMENTS. 

J.) If a person place a half-crown upon bis tongue, and a 
[)late of zinc under it, and bring the outer edges into contact, 
he will perceive a kind of acid taste. 

(2.) if a frog or flounder, having a slip of tin-foil pasted 
upon its back, be placed upon a plate of zinc, aifll a communi- 
cation be formed between the zinc and tin-foil, convulsive 
motions in the animal will be excited. 

(>. The electrical phenomena, convulsions, &c. ex- 
hibited by Galvanism are to be ascribed to common 
electricity, excited by the different metallic conductors. 

7. Conductors in Galvanism are divided into the per- 
fect and imperfect. 

8. Perfect conductors consist of metallic substances 
and charcoal. Imperfect conductors are water and the 
oxydating fluid.s, as the acids, and indeed all substances 
that contain these fluids. 

9. Every galvanic combination must consist of three 
different ("ouductors, not wholly of one class, and the 
conductors of one class must have some chemical action 
upon those of the other. 

Illustration. — In the first experiment the three con- 
ductors were the silver, the zinc, and the saliva, and the action 
of the metals upon one another decomposed the water t con- 
tained in the saliva, the oxygen combining with, and oxydating 
the zinc produces the eflect. 

* See Lessons on Chemistry for the meaning of thw and similar terms, 
t Water, as willlie noticed hereafter, is a compound of oxygen and 
hydrogen gases. 
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10. If a round piece of zin^i be laid on piece of 
copper, each about two inches in diameter, and then a 
similar piece ol’ flannel moistened with a solution of salt 
in water, and on these other layers in the same order, 
and so repeated several times, the whole will form a 
Galvanic pile, with which such experiments as the fol- 
lowing are made. See fig. 2, p. 312. 

EXPERIMENTS. 

(1.) If the circle be completed by bringing one hand to the 
zinc at Vxjttom, and the other to the copper of the upper layer, 
an electric shock will be»felt. 

(2.) If the circle be completed by a wire attached to the 
lowest plate of zinc and carried from tlience to the upper 
copper, sjiarks will be given out. 

(,‘l) By the same mode, if the pile be sufficiently powerful, 
very tine wire will be made red-hot, or even fused, so will gold 
leaf. 

( 4 ,) Elective batteries have been charged with the galvanic 
pilej and mixtures of oxygen and bydi’ogeii gases may be 
ex[)loded by it. 

11. From these, and other experiments of the same 
nature, it has been inferred that the electric anr) galvanic 
fluids are tlie same. 

12. Sometimes silver is used instead of copper: and 
It is ascertained that the zinc end of the pile is always 
positive, and the silver and copper always negative. 

13. The, zinc end of the pile is supposed to gi\(* oiit 
the electric fluid, which enters at the .silver or copper 
end. 

14. It is proved that chemical action is essential m 
Galvanism from this, that the action of the pile is most 
powerful ill oxygen gas, and it ceases in a vacuum or in 
azotic gas. 

15 . It is supposed that all chemical action depends 
on the different Slates of bodies, that is, as to their being 
either in a positive or negative electrical state. 

Illustration.— A ll acids are naturally negative, and 
alkalies arc positive, hence their speedy union, llic results 
are neutral salts, wdiich are found to he neither positive or 
negative 

Experiment. — If a neutral salt, as sulphate of soda, be 
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brought jvithin the cirCT^t of a galvanic pile, by means of 
wires extending to it from the adnc and copper, it will be de- 
composed; the acid, which is naturally negative, wuU be found 
at the positive or zinc end of the wire, and the alkali at the 
negative or copper end of the wire. 

QUESTIONS FOR EXAMINATION. 

1. WLat 13 Galvanism? , 

2, What is the dift’erence of excitation in electricity and Gal- 
vanism? 

;3. What were Galvani’s first discoveries? 

4. What were his next observation^? 

.S. With what is the diversity of metals, used in Galvanic ex- 
periments, connected ? 

Mention the experiments. 

6. To what arc the electrical phenomena exhibited by Galva- 
nism to bo ascribed? 

7. How are the conductors in Galvanism distinguished? 

8. Wliich are the perfect and imperfect conductors? 

9. Of what must a galvanic combination consist? 

Give the illustration. 

10. Desciibe a galvanic pile. 

Mention the eiperiments. 

1 1. V\ hat is the inference drawn from these experiments * 

12. Which end of the pile is positive, and which is negative? 

18. Which is supposed to give out, and which to receive, the 

electric fluid 

14. What proof is there that chemical action is essential in 
(Talvaiiism' 

l,K Upon w'hat does chemical action depend? 

Give the illustration and experiment. 


LESSON THE SECOND. 

BATTERIES. 

1 . The pile, already described, was invented by Volta, 
who is justly regarded as the founder of the science, 
from the importance of his earliest discoveries ; and on 
that account it is often, and will, probably hereafter, 
generally be denominated Voltaism.” 

2. Another Ijind of Voltaic battery consists of a row of 
glasses or china cups, fig. 3, p.3 1 2 , containing a solution of 
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salt and water; into one of t^e glasses, on ^the outer 
side, is put a plate of zinc fastened to a piece of wire 
made to bend over into the other cup, and to the other 
end is put a plate of silver : this is to be repeated with 
respect to all the glasses, soBthat each one will contain 
a plate of zinc and a plate of silv(*r united with wire, 
except the outer glasses, in one of which will be a plate 
of zinc and in the other a plate of silver. 

Explanation. — Fi^. 2 represents a galvanic 
or voltaic pile, and tig. 3 a voltaic battery with 
glasses. Jn the former the letters Z C W are 
supposed to stand against the plates of zinc, 
copper, and moistened flannel ; if u wire be 
placed at the lower, C, and another at the 
upper, Z, and brought together, the galvanic 
circle IS complete. 

1 n iig. 3, the letters z and s represent tlie 
plates of zinc and silver connected by wires w, 
liy dipping one end in the glass z, and at the 
same time the other m the glass s, the circle 
is complete, and a galvanic shock is foil. Any 
number of glasses may be used, and the greater 
the number the more intense the shock. 



Experiment.- — By mt‘nnB 
of the pile, hg. 2, water is 
decomposed : when silver 
is used instead of copper, 
and brass wires brought 
/■Vgf. 3. from the upper and lower 

plates to a drop of water, hydrogen gas was evolved at the silver 
end, and the other wire was oxydated by uniting with the oxygen. 




3. A battery of a more convenient kind consists of a 
trough, A B, fig. 4, made of baked wqod, it is about 
three or four inches deep and as many wide. In the 
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sides are«grooves opposite each other; into each pair of 
grooves is fixed by cement a plate of copper and a plate 
of zinc. The cells are then filled with a solution of salt 
ainl water, or what is still better, with a solution of 
nitrous or muriatic acid aBd water. The edges of the 
trough and plates are to be wiped very dry, so that there 
be no communication between the separate cells by 
moisture; and the trough is then fitted for experiments. 

EXPERIMENTS. 

( 1 .) If one hand be put in the trough at A, and the other 
at B, a severe shock will be felt. * 

(2.) If several persons join hands, with their hands pre* 
viously moistened, and the two outer persons put their hand 
into the troughs as before, they will all feel a shock. 

(3.) If new wires be attached to the two outer cells, the 
one to the zinc end, plate 2, and the other to the copper end, 
plate C, and by means of two small pieces of tube, E 
and F, the wire be brought into contact, a vivid spark will 
be given out; and if between them, on the glass pane G H, 
gunpowder, or charcoal, or gold-leaf, &c. be placed, they 111 
be instantly infiamed. 

Copper or brass leaf, commonly called Dutch gold, bums 
with a beautiful green light; silver leaf with a pale blue 
light; and gold leaf with a yellow light. 

4. Several of these batteries may be united by iron 
cramps so as to act as one : the troughs are now con- 
structed of the Wedgewood ware, and the plates made 
to move up and down for the convenience of experi- 
ments. 

5. By means of these batteries the alkalies, some of 
the earths, sulphur, and other bodies, have been de- 
composed, which were, till lately, considered as simple 
Itedies. 

6. The limbs of people under amputation are some- 
times convulsed by the application of the instruments, 
which is an eflfect of Galvanism. 

7. Pure mercury retains its splendour a considerable 
time, but the amalgam of mercury with tin, or any other 
metal, soon becomes tarnished or oxy dated, wmeh is 
imputable to the galvanic action of the two metals. 

8. Metallic works, the parts of which are soldered 
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together with other metals, soon^oxydate about the parts 
where the different metals are joined, which is an effect 
of Galvanism. 

9. In the sheathing of ships with copper where iron 
nails are used, the copper dmout the naOs is quickly 
corroded. 

10. Zinc may be kept in water a long time without 
much oxydation; but the oxydation goes on rapidly 
when there is silver or copper in contact with it. 

QUESTIONS FOR EXAMINATION. 

1. By whom was the pile invented, and on what account is this 
science called Voltaism? 

Describe the battery made with glasses. 

Give the explanation of the pile and glasses by means of the 
figures. 

Explain how water may be decomposed. 

3. What is the construction of the galvanic trough ' 

Give an account of the experiment. 

4. How are several troughs made to act as one, and with what 
substance are these troughs made? 

5. What effects have been produced by these batteries? 

6. To what have the convulsive spasms experienced in surgical 
operations been ascribed ? 

7. Explain why amalgams soon become tarnished ? 

8. What parts of metallic works^ in which different metals are 
used, are the soonest oxydated? 

9 . Where does the sheathing of ships soonest corrode ? 

10. In what manner may zinc he kept under water without 
corroding, and how wii) it rapidly corrode? 
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THE BASIS OF THE SCIENCE. 


** The magnet acts upon iron through all dense bodies not magnelic^ 
nor red-hot, without any diminution of its virtue; as through gold, 
silver, lead, glass, water.” — Kewton's Optics* 

” Magnetism coincides with electricity in so many important points, 
that the existence of two magnetic etheA, as well as of tw'o electric 
ones, becomes highly probable.” — Darwin. 

I BUT anticipate the definitions of the following lesson, when 
I state tliat the natura] magnet, or the loadstone, is a hard 
mineral body of a dark black colour, and when examined is 
found to be an ore of iron. It is met with in various coun- 
tries, generally in iron mines, and of all sizes anii forms. 

This singular substance was known to the ancients ; and 
they had remarked its peculiar property of attracting iron, 
though it does not appear that they were acquainted with 
the wonderful property wliicli it also has, of turning to the 
pole, when suspended, and left at liberty to move freely, 

Upon this remarkable circumstance, the mariner’s com- 
pass depends, an instrument which gives us such infinite ad- 
vantages over the ancients. It is this which enables the 
mariners to conduct their vessels through vast oceans, out of 
the sight of land, in any ^iven direction; and this directive 
projierty also guides the nun era in their subterranean excava- 
tions, and the travellers through deserts, otherwise impassable. 

It is not precisely know'^n wnen, and by whom, this directive 
property of the magnet was discovered. The most probable 
accounts seem to prove, that it was known early in the 13th 
century; and that the person who first made mariners’ com- 
poses, at least in Euro{>e, was a Neapolitan of the name of 
rlavio, or John de Gioga, or Giova, or Gira. 

This science may justly be considered as yet but in its in- 
fancy, although the tacts elicited since the commencement of 
the 19th century by Davy and others, exhibit a promise, and 
bid fair to throw considerable light on some of its more re- 
condite principles. The theory of magnetism bears a veiy 
strong resemblance to that of electricity. In that science we 
sec the electric flujd not only exerting attractions and repul- 
sions, and causing a peculiar distribution of neighbouring 
portions of a fiuid similar to itself, but we also see it excited 
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in one body and transferred to anotfier in such a manner as 
to be perceptible to the senses, or at least to cause sensible 
effects in its pass^e. The attraction and repulsion, and the 
peculiar distribution of the neighbouring duid, are found in 
the phenomena of magnetism; ^ut we do not perceive any 
actual excitation or perceptible transfer of the magnetic fluid 
from one body to another; and it has also this striking pecu- 
liarity, that metallic iron is very nearly the only substance 
capable of exhibiting any strong indications of its presence. 


LESSON THE FIRST. 

GENERAL PRINCIPLES. 

1 . The natural magnet or loadstone is a hard mineral 
body, of a dark colour, and found to be an ore of iron, 
discovered in iron mines. 

2. Its property of attracting iron was known to the 
ancients, but its more important property, applied to 
navigation, was discovered only a few centuries ago. 

3. The natural magnet can be made to communicate 
its properties to iron and steel, and wlien pieces of steel 
properly prepared are excited by it, they are called, 
“artificial magneto to iron the virtue is more easily 
communicated, but steel retains it the longest. 

4. Magnetism explains the properties of the natural 
magnet, and shews by what means artificial ones are 
made. 

5. All magnets attract iron, which is called their at- 
tractive power. 

6. When a magnet is at liberty to move itself freely, 
it constantly turns the same part towards the north pole, 
and the opposite part towards the south pole of the earth. 
This is called the directive power, 

7. The ends of the magnet axe called the poles, which 
are denominated north and south according as they point 
to the north or south pole, and when a magnet places 
itself in this direction, it is said to traverse, 

8. When a magnet is left at liberty, its two poles do 
not lie in a liorizontal direction, but oiie inclines down- 
ward, and the other is elevated upwards. This is 
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called inclination, ^or dipping of the magnet, or of 

the needle. 

9. The north or the south pole of two magnets repel 
each other; but the north pole of the one will attract 
the south pole of the otJiSr. 

10. The magnetic meridian is a plane perpendicular 
to the horizon, and passing through the poles of the 
magnet when standing in their natural direction. 

11. If a magnet be placed on cork, and allowed to 
float freely on water, with no iron near it, it places itself 
in the magnetic meridian : it is thfs principle that renders 
it useful to seamen. 

12. The natural direction of the magnet is towards 
the northern and southern parts, yet it seldom points 
due north and south; and the difference is called the 
declination, which is said to be eagt or west according 
as the north pole of the needle is eastward or westward - 

13. The declination, in June 1808, was 24® 10' west 
and the dipping of the needle at the same time Was 70*' i 

14. A steel bar, or needle, as it is usually called, 
fitted up in a box, so as to move freely in every direc- 
tion, constitutes the mariner’s compass. 

QUESTIONS FOR EXAMINATION. 

1. Wbat is meant by a natural magnet? 

•i. Which of its properties has been longest known ? 

. 1 . To what metals can the properties of the natural magnet be 
communicated ? 

4. What is the object of magnetism? 

Wbat IS the attractive power of magnets ? 

6. Wbat do you mean by the difective power? 

7. Which are the poles of a magnet; and when is it said ** to 
traverse V' 

8. What is meant by the dipping of the needle ? 

9. Under what circumstances do the poles of two magnets 
repel and attract each other? 

10. What is meant by the magnetic meridian? 

11. What principle renders the magnet useful to mariners? 

13* Does the magnet point due north and south? 

15. What was the declination and dipping of the needle in 

June 1808? • 

14, What is a mariner’s compass? 
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LESSON THE SECOND. 

ATTRACTION. 

o 

1 . If a piece of iron be brought within a certain dis- 
tance of one of the poles of a magnet it will be attracted 

2. The attraction of the magnet and iron is mutual, 
that is, the iron attracts the magnet as much as the 
magnet attracts the iron* 

Experiment. — Let a magnet and a piece of iron of equal, 
^or nearly equal weights, he made to float by means of a cork 
on a vessel of water, at a fittle distance from each other; and 
the magnet will move towards the iron, and the iron to- 
wards the magnet. If cither be kept steady, the other will 
move to it. 

3. The attraction is strongest at the poles, and in the 
centre between the poles there is no sign of attraction 
whatever, 

4. The magnetic attraction is not in the least dimi- 
nished by the interposition of any bodies except iron. 

Experiment.-*^Put a needle on a pewter plate, and it will 
follow the magnet which is moved on the outside. 

5. When a piece of iron is brought within a certain 
distance of a magnet, it becomes itself a magnet : that 
part of it which is nearest the south pole of the magnet 
is a north pole in the iron, and vice versd. 

6. The properties of the magnet are not affected either 
by the presence or absenpe of air. It acts as well in a 
vacuum as in the air. 

7. Heat weakens the power of a magnet : and a white 
heat destroys it entirely. 

8. Lightning, and even the electrical shock, will often 
render iron magnet ical. 

9. The gradual addition of weight to a magnet, kept 
in its proper situation, increases the magnetic power. 

10. Magnets should be always kept with their poles 
pointing to the poles of the earth : this is 'jaid to be their 
proper situation. 
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11. ki the northern* hemisphere the north pole of a 
magnet has most power : and it is said tlie south pole 
is strongest in the southern hemisphere. 

12. An artificial magnet, or a magnetic needle, is 
made by fastening the.sBeel on a piece of board, and 
drawing magnets over it several times, from the centre 
to the ends. 

13. The power of a magnet is not diminished by com- 
municating its properties to other bodies, 

14. Two or more magnets joined together may com- 
municate a greater power to iron* or steel than either of 
them possesses singly. 

15. Bars of iron that have l^ood in a perpendicular 
position are generally found to be magnetical. 

16. The mariner’s compass consists of the box, the 
card or fly, and the needle. 

Illustration. — The box X X, fig. I, 
which contains the card or fly, is of a cir- 
cular form, and is made of wood, or brass, 
or copper ; 'and is suspended within a 
square wooden box B, by means of two 
concentric circles, called gimballs, so fixed 
by cross axes, aa a a, fig. 2, to the two 
boxes, that the inner one, or compass box, 
shall retain an horizontal position m all 
the motions of the ship, while the outer 
or square box is fixed with respect to the 
ship. The card is a circular piece of 
paper, which is fastened to the needle and 
moves with it. The outer edge of the 
card is divided into 360 parts, or degrees, 
and within the circle of these diTisious it 
is again divided into 32 parts, called the 
rhumbs, or points of the compass. 

17. The azimuth compass is like th^ mariner’s com- 
pass, with two sights adapted to it, through which the 
sun is to be seen in order to find its azimuth, and from 
thence to ascertain the declination of the magnetic 
needle. 

18. To construct a dipping needle, an axis must be 
passed through the needle ; the extremities of this axis 
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rests upon two supports, so thit the needle irtay move 
itself vertically round, and when situated in the magnetic 
meridian, it may place itself in the magnetic line ; when 
used at sea it is suspended a ring. 

QUESTIONS FOR EXAMINATION. 

1. In wimt caae is iron attracted by the magnet? 

2 . Is the attraction of the magnet and iron mutual ? 

Mention the experiment to prove this. 

3. Where is the attraction the strongest? 

4. Is the magnetic attraction diminished by the interposition 
of other bodies? 

What experiment prov^this? 

5. In what sitiiatum does iron become a magnet? 

6. Does the air affect the properties of the magnet^ 

7. Has the heat any effect on the power of the magnet'^ 

8. How is iron often rendered magnetical ’ 

9. How is the power of a magnet strengthened ’ 

10. In what position should magnets be kept^ 

11. In which hemisphere do the poles of magnets act best * 

12. How is an artificial magnet niade^ 

13. Is the power of the magnet diminished by communicating 
its properties to iron ? 

14. Can tvro or more magnets communicate to iron more power 
than either of them jiossesses singly 1 

15. Under wdiat circumstances are iron bars found magneticaP 

16. Of what does the mariner’s compass consist? 

Give the illustration with the figure. 

17. What is an azimuth compass 

18. What is the construction of the dipping needle » 
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THE MATTER OF HEAT. 

*' The basis of chemical science is the analytical examination of the 
works of nature, and the investigation of the propertit^ of the several 
substances with which we are acquainted : it should therefore be the first 
concern of every chemical student to receive nothing as true, but what 
has actually been proved by experiment, or deduced from analogy. Let 
him rely upon nothing but facts, and hs will be in little danger of 
lormuig extravagant or erroneous opinions. ‘ If we dare to investigate 
nature, we must f>ec her and tr^ her on all sides, and be sure that she 
still ('oiifesscs the same thing.”* — An Eli^n)eniaTy Treatise im Chemutry 
upuv the hanis 11 / the Chemtcal Caterhism, by Samuel Parkes, New 
edition published in 1839. 

Heat and cold are to be considered either as particular seii- 
satioiia, or as the causes of powers which bodj^ possess of 
exciting those sensations. Thus we say that wc ourselves 
are hot or cold, and that the fire or ice which heats or cools 
us is likewise hot or cold: though the sensations we expe- 
rience are certainly very different things from that which 
enables those bodies to excite them. It must be observed 
that the sensations of heat and cold are very fallacious ones, 
in so far as they are affected by the temperature of the bcxly 
111 which they ai-e excited : for we may feel a substance hot 
when it is in the same circumstances in which we should feel 
it cool at another time. To elucidate this, we may observe 
that when we hai e been accustomed to live in an atmosphere 
of between 60® and 71^', if the heat fall to 60® w'e feel it cold; 
but, on the contrar\% if we have lived in an atmosphere of 
between ^0® and 50®, if the heat rise to 60® we feel it very hot. 
Again, let two basins of water be taken, one heated only to 
.35" the other to 110®, and put one hand into the one, the 
other into the other basin, for some time ; if we then im- 
merse both hands in water heated to 60®, we shall with one 
hand feel the cold, with the other hot. Hence it may be 
reasonably inferred, that we cannot judge with precision of 
heat or cold by the sensations they excite in us. 

In the next place, let us consider heat and cold as the cause 
of powers which bodies possess of exciting peculiar sensations. 
As to cold, it is seldom supposed to he cither matter itself or 
a quality : it is n^re commonly looked upon as a deprivation 
of heat; for the less the heat foimd in a body, the greater 
the cold, and vice versd. There are particular cases in which 
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cold ^ay be produced. 1st, When^ome particular ^chemical 
attraction takes [)lace, cold is produced. 2iid, The conversion 
of solids into liquids, and of liquids into vapour, produces 
cohl, as is shtywn by chemists. And 3rd, Cold may be pro- 
duced by animal powers. I do not intend to relate experi- 
ments by which these may be proved; but the grand question 
which I most wish to determine is, with respect to heat, 
whether it be matter under some particular form, or only a 
quality. That our reasoning On this important subject may 
have the better effect, we must first reflect upon the various 
means of producing heat. are several ways by which 

heat may be generated. ' 1st, By means of the sun’s rays. 
2nd, By exciting vibrations in solids. 3rd, By the taking 
place of certain chemical attractions. 4th, By conversion of 
vapours into fluids, and of fluids into solids. 5th, By animal 
powers. 6th, In volcanos. And first, if a cold body be ex- 
posed to the ra 3 rs of tlie sun, it will be heated. 

It has been frequently conjectured that the sun is fire, 
burning and heating other bodies in like manner as ordinari 
fire : but the celebrateil Dr. Fordyce asserted, that the sun 
is probably not at all hot in itself; neither arc the solar rays 
hot, but have only a power of producing heat on being ap- 
plied to other bociies. An opimon very little different from 
this was also entertained by I)r. William Herschel, and su])- 
ported with the authority of demonstration. As a farther 
consideration of this subject may tend to correct our notions 
concerning light, I shall here attempt it. 

It is a constant rule with regard to hot bodies that the\ 
heat all colder bodies which are brought near them. Though 
it must be allowed that some bodies will receive heat viith 
more readiness thop others: however, this will not easily 
form an objection to what immediately follows. 

Now, if we take a large burning gWs, and hold a piece of 
iron in its focus, such heat will be produced as to melt the 
iron. But the glass through which all the rays passed is 
scarcely heated at all : and when they fell on the iron they 
were no hotter than water when it is poured on vitriobc acid. 
But if we place water which is perfectly transjiarent in the 
focus, no heat will be produced, nay, if spirits of wine w'cre 
placed in the focus, they would scarcely be heated. But the 
same heat which melts iron, would more than suflice to make 
water boil. From this experiment then, without advancing 
farther arguments, it appears that the rays in themselves have 
no heat; and there is no reason to suiqios'e that the sun is 
hotter than the earth we inhabit. 
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It is • question that has been much agitated, whether the 
solar rays 06 matter, or only an arrangement of matter; but 
their materiality is now pretty generally admitted: but a 
question which has not yet been satisfactorily answered is, 

“ If light be matter, what Incomes of it Perhap there is a 
distinction between light and the solar rays, which has not 
yet been properly attended to. 

The sun’s rays heat bodies only when they are bent or 
destroyed. The term absorbed does not in my opinion exactly 
answer the purpose. Hence, they do not heat water if per- 
fectly transparent; neither do they heat the air above the 
clouds : at least, as very little^benihng takes p^ce in these 
cases, the heat is so trifling as to be scarcely worth mention- 
ing. The upper regions of the air then, are extremely cold, 
though exposed to the direct action of the sun. when a 
ray of light is reflected, it does not towih the bo^ reflecting 
it, but is thrown back before it arrives at the surface: there- 
fore, the more white bodies are, or the more highly they are 
polished, the less they are heated, because tlxsy reflect more 
of the rays; and when a body is perfectly white it reflects all 
the light, and is not heated at all. Bodies, in proportion as 
they deviate from white, destroy the more solar rays, and 
a perfectly blac^k body would destroy them all; hence bodies 
are more heated, as they are darker coloured, by this cause 
of heat. 

When a body is rough, as if we make a piece of glass so 
which may have no colour, it destroys part of the rays, or at 
least suffers them to approach so near its surface before it « 
reflects them, that the}'^ cause it to be heated. Thus far our 
reasonings induce us to suppose that heat is a quality : but 
heat, as a quality, cannot exist nitbout a substance to exist 
in. So that, if it were possible to produce a perfect vaOmm, 
there could be no heat therein. This also leads us to con- 
clude, that the denser a body is, the more hpt may be therein 
produced ; other circumstances being the same. 

Heat, it is aflirmed, can only be produced by solar rays 
at the surfaces of bodies; consequently the interior parts can 
only be heated by communication. And if we keep in mind 
that heat is more readily transmitted, communicated, and 
received by some bodies than others, it will then appear 
that, as a body receives heat with more facility, it mil, be 
the more heated by the sun’s rays; as a piece ot iron will be 
more heated than a piece of wood. 

We have sefn then, that the solar rays are not hot in them- 
selves, that they produce heat only when they are bent or 
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destroyed; tliat, therefore, thev do heat transpai'CiVv bodies, 
nor do they heat iu passing tWough them, hut only at tlieir 
entrance and passing out again. 

It is evident, since the rays of the sun have a power of pro- 
ducing heat, that they will heat ajbody moi’c, the greater the 
ejuantity is that falls on it. From this priuciple, (Combined 
with some particular circumstan<»es, arises the different heat 
and cold of the seasons, and of the different parts of the earth. 
For instance, the heat about the equator has been known to 
rise to 110®, and it is said, that the cold in Siberia has been 
as low as 1()0'* : but the accuracy of this may be doubted, for 
I do not see how so great,, a Agree of cold can be precisely 
measured. 

The heat produced by the solar rays is increased also by 
the reflection of them : if they be frequently reflected, a greater 
bent is produced than even if they be all destroyed. Thus we 
find that, if we receive them into a box so constructed as to 
reflect them frequently from side to side, more heat will be 
produced than^ in a box made black, so as to destroy tliem 
almost all. Hence in valleys, even in temperate chniales, 
where the rays are reflected frequently, very great heat is 
also produced. 

The different distances of the planets from the sun, it is 
imagined, makes a great difference in the number of the rays, 
and in the mofnentum with which they fall on them. So that 
it has been thought the Mercury is exceedingly hot, and the 
Georgium Sidus or IltTsclicl cold beyond conception : but 
since the heat pro<luced in bodies depends on their disposi- 
tion to receive it, the several planets may be so composed as 
to have hut a very trifling difference in the heat produced 
by the solar rays. Hence, then, what has been hitherto said 
concerning the heat of the planets as calculated on the sup- 
position of the sun being the source of heat, may be called 
in question: and, perhaps the Newtonian opinion concerning 
comets, may in time be entirely abandoned, and some later 
hypothesis become generally received. 

Thus much for the first methoil of produemg heat. The 
next method of producing lieat is by exciting vibration in 
solids. Whether fluids can be thus heated, we do not know : 
there is no clear instance of heat being produced by their 
vibration. We may excite vibration in sohds, by friction, or 
by collision. If we rub together or strike tw^o bodies, if they 
have any elasticity they w^iU vibrate. The rougher bodies 
are, which are rubbed together, the greater vibration is pro- 
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duced, aftd therefore, the^greater heat. The vibration is also 
in proportion to the elasticity of bodies. 

In Count Ruraford’s ninth Essay, which is an enquiry into 
the source of the heat that is excited by friction, many in- 
teresting experiments arc i\»latcd. From' these experiments 
it appears, that .sudicient beat was produced by the irictioii 
of two metallic surfaces, when the access of atmos})hcrical air 
was entirely }>revented, to make water actually boil. It ap- 
peared that a very considerable quantity of beat was excited 
liy tlic friction, and given off in a constant stream in all direc- 
tions, without interruption or intermission, and without any 
signs of tliminution or exhaustion. • 

This ingenious pliilosopher, when reasoning on these ex- 
])erinients, gives satisfactory reasons to prove that the heat 
('ould not be furnished either by the air, or by the water which 
surrounded the madiinery. And, considering that the source 
of the heat generated in these experiments appeared evi- 
dently to be inexhaustible, he naturajly concluded, that heat 
could not he matter: for says lie, “ It is hardly necessary to 
add, that any thing winch any insulated body, or system of 
bodies, can continue to furnish without limitation, cannot 
possibly be a material substance/' 

Another method of pniducing heat is by the taking place of 
chemical attractions. Every chemical attraction, as far as we 
know, in taking place, produces either heat or cold: wdiether 
it be simple combination, elective attraction, or compound 
elective attraction. Some of the chemical attractions are 
attended, besides the production of the heat, with another 
striking phenomenon, namely, the producing of light. The 
Iburth and fifth methods of producing heat might be descanted 
upon very copiously; but, perhaps, this would have but little 
tendency towards determining what heat is. 

I^astly, heat is produced in volcanos. This has commonly 
been supposed to be by burning of fuel. But it is evident 
that it cannot be produced by this cause, or by any other 
known means of the production of heat. The burning of 
fuel, it IS known, destroys a proportionate quantity of air. 
ISIow the whole island of Santsdma is a mass ot iron, one very 
difficult of fusion, which was fused and thrown up from the 
bottom of the sea in the midst betwixt two shores, by this 
lieat ; where no air eoulil, therefore, possibly come. And if 
it could, it would have required more in quantity than would 
have exhausted the W'hole atmosphere, to animate fuel enough 
to have product^ the beat. In Friesland, some years ago, 
there was a tract of country lUO miles across, the whole of 
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which^ with men, animaU, trees, an£ whatever was cxa it, was 
melted into one oommon mass. This heat then cannot be 
produced by the burning of fuel; much less can it be by the 
decomposition of pyrites, which is, indeed, the burning of 
sulphur. And by what means st^h intense heat is produced 
we are at a loss to determine. 

Having spoken of the various methods of producing heat, 

I must next observe, that bodies may be heated by commu- 
nication; and several experiments might be described to 
shew, that some bodies will both communicate and receive 
heat more readily than others. It is the same with respect 
to cold as to heat; for those bodies which receive heat most 
readily, most readily part with it; and if they do this, they 
must also suffer it to pass throng them, speaking of it as 
though it were a body, from one substance to another, or con- 
duct it most readily, and vice versd. 

Iron is a good conductor of heat *. on the contrary wood 
is one of the best non-conductors of heat known. That the 
former is a ccnductor, and the latter a non-conductor of heat, 
is evident from the following simple experiment; if you take 
a nail or a small piece of iron, and hold it in the dariic of a 
fire or candle, it will speedily become so hot all over, as to 
oblige you to relinquish your hold*, but if you take a small 
piece of w'ood, and hold it in the flame, you may keep hold 
of it till it is nearly ail consumed by the Are, without being 
incommoded by the heat of the wood. Hence heat passes 
with ease in iron, and with difSculty in wood. 

From the results of various experiments Count Rumford 
concludes that water, oil, mercury and air, ore non-conductors 
of heat : indeed, he thinks it essential to all fluids, that they 
should be non-conductors of heat, or that all interchange and 
communication of heat among their particles, as from one of 
them to the other, is absolutely impossible. Glass, when 
rendered of a loose texture, conducts heat with very great 
diffculty; insomuch, that the lava of a volcano has, sixteen 
years a^r an eruption, been found red-hot a foot under th(‘ 
surface of such glass, though this was quite cool. Tliis cir- 
cumstance might very probably give the hint for the asser- 
tion, paradoxical as it may seem without proper deliberation, 
that it would be no difficult matter to convey an iron ball 
red-hot from London to Lincoln : to perform this it must be 
inclosed in pumice-stone, which is very porous glass, formed 
by volcanos, and then covered over with fur. 

As to the effects produced by heat, it is known to expand 
bodies'; and some late chemists affirm, that it tends to 
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(liminisH every attraetiaif we are acquainted with : they pro- 
duce experiments to evince that heat dimiaishes the attraction 
of gravitation, of cohesion, of magnetism, of electricity, and 
chemical attractions. But though it may be the case in par- 
ticular instances, it will hoi better not to be too sanguine in 
imagining that such effects will take place universally. The 
assertion may be disputed with regard to the attraction of gra- 
vitation and electricity. However, those who allow that heat 
universally diniinishe.s the electrical attraction, will strongly 
contend in support of their opinion, because they may ther^y 
explain with facility the reason of the frequency of thunder- 
storms in summer. • 

From a review of what 1 have here advanced we shall find 
that there arc few, or perhaps we may confidently say, no 
ajipearances, but what will admit of as easy an explanation, 
by conjecturing that heat is a cjuality, as by supposing that it 
IS a substance. Nay, some ot the phenomena, particularly 
those which attend the production® of heat by niction, or 
vibration in solids will, as must appear fromwrbat has been 
previously observed, induce us to iucUne more to the former 
hypothesis than to the latter. Besides, whether heat be a 
substance, or a* quality, it is manifest that it may be created 
and annihilated. Now we have no idea of matter being 
created and annihilated by any natural cause, for under all 
its variety of forms, matter is matter still : then what kind of 
substance must heat be, to be produced and destroyed by so 
many causes ? Wliy truly nobody can tell: for it must have 
a jiroperty which matter nas not. Heat is then, probably, a * 
quality : for qualities we know can easily be created and an- 
nihilated. And, if heat be a quality, it must have matter to 
exist in; so that, if we apply any of the causes producing 
hei^t, no heat is produced unless there be some matter to re- 
ceive it. 'fliis, therefore, is the result of our enquiries into 
the nature of heat. 

We have also seen that light may be produced by parti- 
cular means, the solar rays for instance: it may iikevnse be 
destroyed, as has been previously shown. The method of 
reasoning first applied to heat, may with equal propriety be 
used here : and tiiis will induce us to condude, that light in- 
stead of being a fluid per se, as has been sometimes conjec- 
tured, is a quality, and can no more exist iudepend^tly of 
matter than heat can. 

Whether these conclusions may be safely retied on, is not 
for me to detefmine : the great mysterious Being who made 
arid governs the universe, has set a part only of the chain of 
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causes in our view; and we find tHat os He hitnscA^ is too 
high for our comprehension, so His more immediate instru> 
ments are also involved in an obscurity that our feeble endea- 
vours are not able to dissipate. 

e 


LESSON THE FIRST. 

ATTRACTION. CALORIC. 

1. Chemistry is the science which investigates the 
effects of the action of'‘bodie8 upon each other, to de- 
termine their constituents principles, and to form new 
(jornpounds. The term chemistry is derived from the 
Greek word chumos or chew^ which signifies to melt, 
and may be defined to be the science which investigates 
the composition of material substances, and the perma- 
nent changes* of constitution which their mutual ac- 
tions produce : or an art whereby sensible and natural 
bodies are so changed, chiefly by tlie agency of fire, as 
to enable us to discover their several and peculiar powers 
and properties, either in their simple or compound 
state.’' * 

Illustration. — ^The utility of chemistry is shewn by its 
connexion with the arts of life ; the arts of dying, bleaching, 
tanning, glass-making, and the working of 4ill kinds of metals 
are uurely chemical. In agriculture it explains the phenomena 
of the growth and nourishment of vegetables, and the nature 
and action of manures. In medicine its assistance is pecu- 
liarly valuable, nor is it of small importance in the culin''ry 
arts. There is scarcely a sin^e trade or manufacture, that 
does not depend, either immediately or more remotely, upon 
a knowledge of this science. * 

2. That power which tends continually to bring sub- 
stances together which are disunited, and which retains, 
with more or less energy, those which are already in a 
state of combination, is called elective attraction, or at- 
traction of affinity. 

3. Affinity of aggregation is that which exists be- 
tween two particles of the same matter. 

* Elementary Treatise on Chemistry. New edition, published 1839. 
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ExamDies (1.) Two dr|^|)s of watar running together form 
an aggr^ate. Each drop is called an integrant part. 

(2.) An aggregate differs from a heap^ becanae the inte- 
grant parts of the latter have no perceptiole adhesion to each 
other, os a heap of corn. They both differ from a mixture, 
the constituent parts of wlSch are of a difierent nature, as 
gun-powder. 

4. There are four kinds of aggregates, arising from 
the different degrees of force of this attraction, acting 
between the constituent principles of bodies; these are 
the hard, the soft, the fluid, and tjie aeriform aggregates. 

5 . Wlien the minute parts of one substance unite with 
tliose of anotlier so intimately as to form a body, which 
has properties different from those of either of them, the 
union is called the attraction of composition. The new 
body is called a compound. 

Examples. — Glass is a compound of sand apd an alkaline 
salt. Sal Ammoniac is a compound of an acid and an dkah. 
So also is common salt. 

6. The attraction of composition takes place between 
bodies of a dissimilar nature; and thb more dissimilar 
they are, the greater is the force witli which they com- 
bine. 

7. 'When two or more bodies unite by tlie attraction 
of composition, one at least must be in a fluid state. 

8. The compound which results from the combina- 
tion of two or more bodies, i^ssesses properties very dif- 
ferent from those of the bodies of which is is combined. 

Example. — Common salt, which is so pleasant to the taste, 
is a compound of muriatic acid and soda, two highly corrosive 
substances. 

9. The principal agent employed to balance the power 
of attraction is heat or caloric. 

10. Tlie various substances that compose this globe 
are subject, on one hand, to a general law which tends 
to bring them together; and, on the other, to a power- 
ful agent which tends to remove them from each other, 
and upon the §nergy of these two forces, the consistence 
of all bodies depends. 
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1 1 . When the attraction prei’ails, they are Jn a solid 
state; when the caloric is most powerful, they are in a 
state of and the liquid form is a mean between these 
powers. 

12. Heat has a constant* tendency to diffuse itself 
over all bodies, till they are brought to the same tem- 
perature : and by heat all kinds of bodies are expanded. 

13. Heat is contained in considerable quantities in 
all bodies, when at the common temperature of the at- 
mosphere : and it changes the form of bodies. 

Illustration. — Heat converts solids into liquids: and 
liquids into vapours, or into peimanently elastic fluids. The 
liquid and vapwous forms of bodies are brouglit about iq the 
same way with expansion, being only higher degrees of it. 
Hence, all bodies in nature are either solid, liquid, or in a 
state of elastic aeriform vapour, according to the degree ol‘ 
heat to which they are exposed. 

14. Every body which passes from the solid to the 
liquid state, absorbs a portion of heat which is called 
latent heat. 

4 

Example. — Ice is reduced to water by absorbing a portion 
of heat, which, howevei', is not sensible, because the water 
produced from the ice is at first of the same temperature as 
that of the ice. 

15. The heat which liquids absorb, when they acquire 
a fluid form, is again separated from them when they 
return to a solid state. 

16. All bodies, by passing from the fluid state to the 
aeriform, absorb heat, which is again given out i^'hen 
they recover their liquid state. 

17. The instruments for measuring heat by the ex- 
pansion of bodies, are “ thermometers” for fluids: and 
“ pyrometers” for solids. 

18. The greatest degrees of heat are produced by 
the burning glass, or by supplying a blow-pipe with 
oxygen gas. 

19. The greatest degrees of cold are produced by 
mixing snow with certain saline substances. Common 
aak and snow produce a great degree of 'cold. 
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• questions^tor examination. 

1. What is chemistry? 

How is the utility of this science shewn? 

2. What do yoQ mean by elective attraction? 

3. What is meant by affiniiljr of aggregation ? 

Give the examples* 

4. How many kinds of aggregates are there? 

5. What is meant by the attraction of composition? 

Give the examples. 

ti. In what cases do the attraction of composition take place ? 
7. What is necessary for bodies to unite by the attraction of 
composition { 

Are the properties of a compound body different from those 
of the bodies of which it is formed? 

(iive the example. 

1). What is the agent employed to balance the power of at* 
iraction ? 

10. To what general laws are the substances that compose this 

i>lobe subject’ * 

1 1 . What happens when attraction, and what w'hen the caloric 
prevails? 

lii. What is the general tendency of heat? 

13. What effects does heat produce? 

Give the illustration. 

14. In what case do bodies absorb heat, and what is it called? 
tiive the example. 

15. In what case is heat separated from bodies ? 

16. In what change do liquids absorb heat? 

17. What are those instruments called by which the degrees of 
heat are measured? 

lb. How’ ore the greatest degrees of heat measured? 

1 9% Uy w'hat means are greet degrees of cold produced ? 


LESSON THE SECOND. 

LIGHT. SIMPLE SUBSTANCES, 

1. Light has a considerable influence upon many 
chemical processes. 

Examples. — All metallic oxides, especially those of mercury, 
lead, silver, and gold, become of a deeper colour by exposure 
to the sun. — Grdtn precipitate of iron, exposed to the ray8*'of 
the sun, becomes blue. Many salts will not crystallize un- 
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less they are exposed to the light. •• Many bodies, exposed 
to the light, combine with it, and will, under certain cii - 
cumstances, emit it again. 

2. Light is an important agent with regard to ve- 
getables. < 

Examples. — Many dowers follow the course of the sun, and 
plants that grow in houses seem desirous to get at the light, 
rlants that grow in the shade, or in darkness, are pale and 
without colour. The more plants are exposed to the light, 
the more colour they acquire. Vegetables are not only in- 
debted to light for their colour; their taste and odour are de- 
rived from roe same soufce. 

3. The action of the sun’s rays on the organs of ve- 
getables, causes them to pour out streams of pure air 
from the surfaces of their leaves. 

4. Animals droop when deprived of the light, and it 
appe^ars to be of great importance to the health and 
happiness of human beings. 

Examples. — ^The parts of fish which are exposed to the light, 
such as the back, fins, &c. are uniformly coloured; but the 
bellv, wbich is deprived of light, is white in them all. Worms, 
grubs, &c. that live in the earth or in wood, are of a whitish 
colour. Birds and flying insects of the night are likewise 
distinguishable from those of the day by want of brilliancy of 
colour. 

Inference. — Hence organization, sensation, spontaneous 
motion, and life, exist only at, or ver}^ near, the surface of the 
earth, and in places to which light is accessible. 

5. Those substaoces which chemists have not been 
able to decompose are regarded as simple: sucli« are 
light and caloric, already noticed : such are oxygen, 
hydrogen, chlorine, carbon, See. such were till lately the 
earths, the fixed alkalies, and the metals. 

6. Combustion is an important effect of caloric, but 
only certain bodies are subject to combustion : these 
are called combustible bodies. 

7. Combustible bodies, when inflamed, are sources 
of light and heat, 

8. Oxygen is only known in combination with other 
bodies, and cannot be obtained alone. 4t is absorbed 
by combustible bodies, and it converts thein into acids. 
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9. OT^gen is necess^y for combustiou, unitiag itself 
always to bodies which Durn, augmenting their weight, 
and clianging their properties. It is necessary also for 
the respiration of animals. 

10. Oxygen is a constituent part of the atmospheric 
air, of water, of acids, and of all bodies of the animal 
and vegetable kingdoms. 

1 1 . Oxygen combined with light and caloric con- 
stitutes oxygen gas. In this state it approaches nearest 
to purity. 

12. Oxygen gas, combined wth hydrogen, forms 
water ; with nitrogen, common atmospheric air ; with 
sulpliur, phosphorus, &c., sulphuric acid, phosphoric 
acid, d;c. 

13. Oxygen gives the sharp acrid character to^those 
bodies which are called acids. 

14. Oxygen combines with metals, destroys their me- 
tiillic lustre, and gives them an earthy, or rusty appear- 
ance. These substances are called oxides, and they are 
all heavier than the metals from which they are formed. 

15. Oxygen gas may be procured in a state of purity 
by separating it from those substances with which it is 
combined in nature. 

16. Hydrogen is one of the constituents of water; it 
cannot be obtained alone, but united to caloric and light, 
it forms hydrogen gas. 

1 7. Hydrogen is one of the ingredients of oils, fat, 
spirits, and of the component parto of animal and vege- 
table^ bodies. It is found in all animal and vegetable 
acids. 

18. Nitrogen, called also azote, cannot be obtained 
in an uncombined state ; but with caloric and light it is 
called nitrogen gas. It is one of the component parts 
of atmospheric air, of animal and vegetable bodies, of 
nitric acid and ammonia. 

19. Chlorine was formerly supposed to be an acid 
formed with muriatic acid and oxygen, and hence it was 
called the oxymuriatic acid. It is now, however, known 
to be a simple,, substance. It was discovered by Sir 
H. Davy. 
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20. Chlorine is known in the gaseous stati, and in 
combination with water. 

21. Chlorine combines witli oxygen, with hydrogen, 
and with nitrogen; and some of these combinations 
possess very extraordinary pioperties. 

• 22, Chlorine gas is suffocating, and cannot be breatlied 
without great injury. It supports combustion; is ex- 
ceedingly powerftil, corrosive and penetrating ; dis- 
charges vegetable coloui-s, burns all the metals, and 
when combined with water, will dissolve gold and 
platina. It has no action upon charcoal. 

QUESTIONS FOR EXAMINATION. 

1. ilas light any influence in chemical processes? 

Enumerate the examples. 

2. In what respect is light an important agent with regard to 
vegetables? 

3. What is the effect of the action of the sun’s rays on vege- 
tables? 

4. Is hght of importance to the existence of animals ? 

Give the examples. 

What inference is drawn from this? 

.5. What is meant by simple substances? 

6. What is combustion? 

7. Of what are combustible bodies the sources? 

a. What is said of oxygen? 

9. How 18 oxygen necessary for combustion ? 

to. Of what bodies is oxygen a constituent? 

11. What IS oxygen gas? 

12. Whst are the oombinations of oxygen? , 

13. What gives the sharp taste to acids? 

14. What effect has oxygen on metals ? 

Id- How is oxygen gas procured ? 

16. Can hydrogen be obtained alone? 

17. Of what is hydrogen a constituent? 

18. Can nitrogen be obtained alone, and of what is it a compo* 
nmit part? 

19. What is said of chlorine? 

20. How is chlorine known? 

21. With what does chlorine combine? 

22. What is the character of chlorine gas'* 



fiULPHVft^ FSOSPKOBUS, &C. 


335 


' LESSOV THE THIRD. 

SULPHUR. PHOSPHORUS. CARBOK. OASES. 

1. Sulphur is a simply combustible substance, some- 
times found pure in nature, but frequently in combina- 
tion with metals and other substances. 

2. Sulphur has a strong* attraction for oxygen, and 
burns upon the application of fire : during combustion 
it absorbs a certain portion of oxygen from the atmos- 
phere, and is converted into sulphurous acid. 

3. If sulphur be burnt in oxygen gas it absorbs a large 
quantity of oxygen, and becomes sulphuric acid. Sul- 
phuric acid, combined with any substance, gives a com- 
pound called a sulphate: thus there are sulphates of 
lime, iron, copper, &c. 

4. Sulphur unites with the fixed alkalies potash, and 
soda, and the compounds are called sulphurets of potash 
and soda. 

5. Sulphur and iron have a strong attraction for each 
other; by the union, the iron becomes easy of fusion 
and brittle. 

6. Phosphorus, another shnple substance, is never 
7net with pure in nature. It is commonly united to 
oxygen, in the state of phosphoric acid, which is found < 
plentifully in different animal, vegetable, and mineral 
substances. 

7. Phosphorus is luminous in the dark, at the com- 
mon temperature of the atmosphere. It takes fire 
spontaneously, bums with a brilliant white fiame, and 
is converted into phosphoric acid: phosphoric acid, 
combined with any other substance, gives & compound 
called a phosphate: hence there 'are phosphates of 
lime, &c. 

8. Phosphorus is obtained by decomposing the bones 
of animals. It is a yellowish transparent substance, like 
horn or bees*-wax. 

9. Phosphorus taken internally is poisonous: animals 
have been killed by drinking the water in which it has 
been kept. 
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10. Phosphorus easily conibirf^s with sulphuif and as 
the phosphorus or sulphur predominates, the compound 
is denominated a phosphoret or sulphiiret. 

11. Carbon, another simple substance, is said to exist 
in a state of purity in the Oiainond only; combined 
with a certain portion of oxygen it is called charcoal. 

12. Charcoal is generally procured by burning wood ; 
and when well made it is almost indestructible, neither 
air nor moisture affects it. 

13. Carbon enters into the composition of wax, oils, 
gums, and resins. It combines with iron in various 
proportions; and the results are cast-iron and steel. 
What is called black-lead, used for pencils, is a compo- 
sition of nine parts of carbon to one of iron, and is a 
carburet of iron. 

14. Carbon forms a principal ingredient of carbonic 
acid gas, calkd also fixed air : this, united with oiher 
substances, produces carbonates. 

15. Gases are permanently clastic a*riforni fluids, 
possessed of transparency, elasticity, and weight: they 
are invisible, and cannot be condensed into a solid state. 

16. Tlie air, or atmosphere, consists of a mixture of 
several gases, which may, by chemical processes, be 
obtained separately. 

17. All gases are supposed to be combinations of 
caloric or light with certain substances, called the bases 
of the several gases. Some of these bases, as carbon 
in the diamond, are known, and may be obtained in a 
separate state; others, us oxygen and hydrogen, cannot. 

QUESTIONS FOR EXAMINATION. 

1. Whet is sulphur^ and how is it found? 

For what has sulphur a strong attraction, and what effects 
are produced by its combustion? 

13. How is sulphuric acid obtained, and what is denominated a 
sulphate? 

4. What are sulphurets 7 

5. What effect has sulphur on iron? 

6. What IS phos]>borus, and where is it found? 

7. What are the properties of phosphorus? 

8. How )s phosphorus obtained? 
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9. Ifi phosphorus harmless? 
aO. What 18 meant by a phosphoret or a sulphuret ? 
ai. What is carbon, and in what does it exist in a state of 
purity ! 

How is Qharcoal procured? 

13. Into the composition o^what does carbon enter? 

14. What is meant by carbonic acid, and what are carbonates? 

15. What are gases? 

16 . Of what does the atmosphere consist? 

17. Of what are gases combined? 


LESSON THE FOURTH. 

ATMOSPHERIC AIR. 

1. The atmospheric air is chiQfly composed of two 
jj‘ases, one unht for the purposes of combustion and 
animal life, called nitrogen or azotic gas: the other 
eminently adapted to sustain life and combustion. 

2. The chemical properties of common air are fluidity, 
invisibility, and the negation of all smell. 

3. Tlie fluidify of air exposes it to those frequent mo- 
tions which constitute winds. The air is not capable of 
penetrating all bodies. Transparent substances, through 
wliicli light readily passes, are secure against tlie impulses 
of the air. 

4. Air, w’^hen confined in vessels, is absolutely iti- 
visible. It owes this property to the ready passage that 
it aflbrds to the rays of light, which are refracted by it 
witliont being reflected. 

5 . The air is usually considered as insipid. Wounds, 
however, when uncovered and exposed to the air, are 
affected with an acute sense of pain. The air impedes, 
or absolutely prevents the growth of new bark on such 
vegetables as have been stripped of their covering. 

6. Air is perfectly inodorous: if it sometimes affect 
our organs with a fetid kind of smell, it is to be attri- 
buted to the extraneous bodies that are mixed with it, 
as is observable^in mists and vapours. 

7. In the pure part of the air, or oxygen gas, a taper 
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will bum most brilliantly: so also will a stee^or iron 
wire, or steel or zinc filings, exhibiting most beautiful 
and splendid appearances. 

8. The azotic part of tlie atmosphere is incapable of 
sustaining life or combustion a single instant. An ani- 
mal plunged into it must die in a moment. 

9. Hvdrogen gas, though very infiammable, is incur 
pable or supporting combustion and animal life. It is 
often generated in mines, coal-pits, &c. and becomes 
mixed with atmospheric air. If by accident it comes in 
contact witn a lighted candle, it explodes with a most 
tremendous report. 

10. Hydrogen gas may be obtained in marshes or 
stagnant waters, in hot weather: but by decomposing 
water it is obtained iri a state of perfect purity. If, ibr 
instance, water be passed over iron shavings in a state 
of wliire heat, the iron will attract the oxygen of the 
water, and the hydrogen gas will escape, and may be 
collected. 

11. Hydrogen gas is 12 or 15 times lighter than 
common air; in contact with atmospheric air it bums 
with a pale blue colour. It is employed for artificial 
fire-works. When mixed with oxygen gas it may be 
exploded, like gunpowder, with a violent report. On 
account of its great levity it is used for filling air balloons. 

12. A combination of hydrogen with carbon forms 
carburetted hydrogen gas:^ it is carbon dissolved in 
hydrogen. This is the gas used for lighting the public 
streets, shops, dtc. 

13. Carbonic acid gas is incapable of maintaining 
life or combustion. It is found in a state of combination 
with lime, forming lime-stone, marble, and chalk, and 
may be separated from them by heat,, or by means of 
the mineral acids. 

Examples. — (1.) In the burning of lime, the carbonic acid 
combines with caloric, and flies oif in the form of gas, leaving 
the calcareous earth pure. 

(2.) Put pounded marble, or lime-stone, into a retort, with 
sulphuric acid, diluted with water ; the carbonic acid will be 
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disengaged in a state of fgas, and the pure lime will combine 
with the add; and form a sulphate of hme. 

14. Carbonic acid gas is formed abundantly during 
the process of fermentation, and it occupies the empty 
space of the vessels con tailing the iermenting liquor, and 
when it arrives at the top it flows over. On account Of 
its great weight it may be poured from one vessel into 
another like water. 

15. Another curious gas is called the gaseous oxide 
of nitrogen,” being a combination of nitrogen with a 
small portion of oxygen : this ga!h, when mixed with at- 
mospheric aif, and received into the lungs, generates 
pleasurable sensations : it induces a state of great exhi- 
laration, and an irresistible propensity to laughter. 

16. Fluoric acid gas obtained from tfie fluate of lime, 
or Derbyshire spar, has a penetrating odour, and will 
not sustain animal life or combustion. Its most remark- 
able property is that of dissolving silica, and on that 
account it is used for etching on glass. 

QUESTIONS FOR EXAMINATION. 

1. Of what does the atmosphere principally consist! 

S. What are the chemical propexties of air! 

3. What is the result of the air*8 fluidity? 

4. Why is air invisible 1 

5. Is the air insipid? 

6. Is pure air perfectly inodorous? 

7. What will be the eflect of combustion in the pure part of 
the air? 

0^ Can azotic air sustain life? 

9. What are the properties of hydrogen gas? 

10. Where and how may it he obtained? 

11. Is hydrogen lighter than common air? 

12. What is carburetted hydrogen gaa, and to what use is it 
applied? 

12. What are the properties of carbonic acid gas, and where is 
it found? 

Give the examples. 

14. In what process is carbonio acid gas found ? 

15. What is meant by the gaseous oxide of nitrogen and what 
effects does it produce? 

16. From what is fluoric acid gas obtained, and what are its 
properties ? 
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LESSON THE FIFTH. 

EARTHS. ALKALIES. 

1 . All earthy and stony subWnces are comprehended 
under the general name of earths : the first nine of tlie 
following have, till very lately, been deemed si tuple 
earths : the last is one which has been but recently dis- 
covered. 

Lime Magnesia Yttria and Thoriiia* 

Alumina Baiyta Glucina 

Silica Strontia Zirconiat 

The first three are the most abundant in nature. 

2. Lime is found purest in marble, lime-stone, and 
chalk : it is, however, a principal ingredient in all .shells, 
and in the bones of animals. It enters into the compo- 
sition of marls, and it is the cement that unites the 
sandy particles of free-stone together. 

3. All substances, in which lime is combined with 
carbonic acid, arc called carbonates of lime. Such are 
marble, chalk, shells, <!kc. 

4. Alumina, denominated also argil, or pure clay, is 
white, and soft to the touch; when moistened witli water 
it forms a paste, that hardens and contracts in the fire, 
which renders it useful in pottery. It combines w^itli 
silica, and makes mortar for building. 

5 . Silica, or hint, is d’stinguished for its extreme liard- 
ness; it is found in the purest state in free-stone, giTf'cl, 
and sand. It strikes fire with steel, and is insoluble in 
all the acids except the fluoric. 

6. Magnesia is found chiefly in stones that have a 
greasy feel, such as the steatite, asbestos, &c. It is 
obtained also from many mineral springs, and from the 
sea- water, in which it is combined with the acids. 
Thus Epsom salt is a combination of the sulphuric acid 
and magnesia , and is denominated the sulphate of mag- 
nesia. 

* This earth was discovered by a Swedish chemist’ named Berzelius, 
111 a mlneraJ ealJed thorilr.. 
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7. Bj^ryta, the heavkst of the earths, is obtained from 
the ponderous spar, in which it is combined with car- 
bonic and sulphuric acid. It is a most deadly poison : 
falls to powder, but greedily attracts tire moisture from 
the atmosphere. 

8. Strontia, found in Scotland, is of a greyish white 
colour, and when thrown into the fire it gives a beautiful 
red coloured flame. The other three earths are but little 
known. 

9. The alkalies have a bitter, and highly acrid taste : 
they change the blue juices of Vegetables to a green. 
They have the property of rendering oils miscible with 
water : they are soluble in water ; form with the acids 
various combinations, and act as powerful caustics when 
applied to the flesh of animals. 

10. The alkalies arc either jited,, as potash and 
soda, or volatile, as ammonia. The former cannot be 
evaporated but with a very high degree of heat, the 
latter is evaporable at the common temperature of the 
atmosphere. 

1 1 . The fixed alkalies were, till within these few years, 
su])posed to be simple bodies: the volatile alkali was 
supposed to be a compound of nitrogen and hydrogen ; 
they are now found to be compounds of oxygen and 
metallic buses. 

1‘2. Potash is obtained from the ashes of common 
vegetables, and is hence denominated vegetable alkali : 
soda is obtained from the ashes of sea-weeds, and is 
calllM mineral, or marine alkali. Volatile alkali, or am- 
monia, is obtained from all animal and vegetable sub- 
stances, by distillation. 

13. Metals, wdiich are very valuable on account of 
their durability, and of their resisting the effects of air 
and moisture, are the heaviest of all bodies. 

14. .Metals are divided into two kinds. (1.) Those 
which by union with oxygen produce earths and alkalies. 
(2.) Those which by union with oxygen do not pro- 
duce either eaijhs or alkalies. The latter of these divi- 
sions is variously subdivided, according to the relations 
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of the metals to the diversified objtfects of chemicaV^cience. 
They were formerly divided into three kinds. (1 .) Those 
that are malleable, as gold, silver, copper, iron, &c. 
(2.) Those that are brittle, and easily melted, as bismuth, 
antimony, &c. and (3.) Those'that are brittle and melted 
with great difficulty. 

15. Metals become fluid by the application of heat, 
and in this state they imbibe the oxygen from the air, 
assume an earthy appearance, and are called oxides. 

Id, In a state of oxides metals may be dissolved in 
water and other fluids' in order to form dyes, colours, 
&c. With glass they yield substances resembling gems 
or precious stones. 

17. Metals unite with sulphur, phosphorus, and car- 
bon, and the combinations are called sulphurets, phos- 
phorets, and carburets* 

18. All thb metals, when reduced to oxides, may be dis- 
solved in some or other of the acids, and form solutions. 

19. None of the metals except gold, silver, and 
copper, are found in a state 6f purity, but as ores; that 
is, mixed and blended with earths and other substances, 
from which thej^ are separated with great heat. 

QUESTIONS FOR EXAMINATION. 

1. What do you mean by earths i 

2. Where is liTne found, and in what is it a princi])al ingredient ? 

3. What are carbonates oi lime? 

4. What are the pronertleB of alumina? 

5. For what is silica distinguished? 

6. Where is magnesia found, and fiom wrhat is it obtaineu ' 

7. What is meant by baryta'l 

8. Where is strontia found, and what are its properties? 

9. Wliat are the properties of the alkalies? 

10. How are the alkalies distinguished ? 

11. Are the alkalies simple substances? 

12. From what are the three alkalies obtained? 

13. How are the metals described ? 

14. Into how many kinds are they divided? 

15. What is meant by oxides? 

Id. In what state can metals be dissolved? 

17. With what will, metals unite? * 

18. Can all metals be dissolved? 

19. In w'hat state are metals found? 
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* LESSON THE SIXTH. 

ACIDS. SALTS. OXIDES. 

1 . Adds are substanceS^which excite the taste of sour* 
ness when applied to the tongue : they change the blue 
juices of vegetables to red; and readily combine with 
alkalies, earths, and metallic oxides, forming with them 
substances denominated salts, or neutral salts. 

2. Acids consist of a ceartain base united with oxygen : 
thus sulphuric acid is a combination of sulphur and 
oxygen : the oxygen is the cause of the acidity. 

3. Acids which have the same base combine with 

oxygen in different proportions; the name of the acid 
is derived from the base, and this name has a different 
termination, according to the proportion of the oxygen 
combined with its base. * 

4. With the smaller proportion of oxygen the name 
ends in ous, and with the larger proportion it ends in ic: 
hence we have the sulphurous and sulphuric acids : the 
phosphoroMS and phosphoric acids. 

5. Acids exist in the solid, liquid, an|| gaa^us states : 
such are the beuzoic acid, the sulphuhc acid, and the 
fluoric, or carbonic acids. 

6. Acids are of four kinds, viz. the minetdl acids, as 
the “ sulphuric acid the metallic acids, as the ** arseni- 
ous the vegetable, as the ** acetous,'^ or maKc:” the 
animal acid, as the phosphoric,*' “ lactic” acids, &c. 

K Salts, in a chemical sense, are distinguished by two 
names, one expressive of the acid,, and tlie oth^ of the 
base. 

Examples.— Sulphate of soda, or Glauber’s salt, is a combi- 
nation 01 sulphuric acid and soda: sulphate of iron, or green 
copperas, is compounded of sulphuric acid and iron. Muriate 
of soda, or common salt, is a compoimd of muriatic acid and 
soda. Nitrate of potash, or saltpetre, is composed of potash 
and the nitric acid: and the carbonate of lime, or chalk, 
marble, &c. is formed of carbonic acid and lime. Originally 
the term salt W|i8 restricted to the salt viith which our food is 
seasoned, and which has been known from the remotest anti- 
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quity. The new nomenclature des^nates it tnuriat^ of soda, 
upon the assumption that it consists of muriatic acidand soda. 
It has since, however, been more accurately called chlorkle of 
sodium ; it bcinj? found in its drj^ state to be composed of 
60 parts of chlorine, and 40 of the metallic base sodium,'’’ 
Elementary Treatise on Chemis&y, published in 1839. 

8*. Salts coinposed of adds ending in mis, take the 
termination itc instead of ate: thus we have sulphites, 
nitrites, phosphorites, &c. Sulphuric acid and lime 
make the sulphate of lime: but sulphuro?/A‘ add and lime 
would give the sulphite of lime. 

9. Simple substances, tmited to a smaller quantity of 
oxygen tiian is necessary to form acids, are denominated 
oxides. 

10. Metals become oxides by being exposed to great 
heat and the contact of the air. Metals cannot be dis- 
solved in acids till they are combined with oxygen. 

11. Sulphur, phosphorus, hydrogen, &c. have tlieir 
oxides as well as metallic substances. 

12. Sulphur becomes an oxide of sulphur by being 
kept in a melted state in tin* open air till it is of a reddish 
colour. 

13. Phosphorus, when exposed to the air, absorbs the 
oxygen of it, and becomes tirst the white, then tlie blown 
oxide. With larger portions of oxygen it forms the phos- 
phorous, and phosphoric acids. 

14. Hydrogen, with one degree of oxygen, yields 
water, wliich is an oxide of hydrogen. ^ 

15. Animal and vegetable substances may be con- 
verted into oxides, llie blood derives its red c(^^our 
from the oxygen imbibed by passing through the lungs. 
Butter becomes rank, and meat putrefies by the absorp- 
tion of oxygen ; and in these states they are oxides. 

QUESTIONS FOR EXAMINATION. 

1. What do you mean by acids, and what are their combina- 
tions with earths, &.C. called^ 

S!. Of W'hat do acids consist, and what is the cause of their 
acidity ? 

l)o acids combine with different proportions of oxygen, and 
how are they named f 
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4. are acids distinguiabed by theit terminationB? 

5. In what state do acids exist? 

6. Hovv- many kinds of acids are there? 

7. Hour are salts distinguished? 

Give the examples. . # 

8. How are salts distinguished with regard to their termina- 
tions? 

9. How are OYides formed? 

10. How are metals converted into oxides? 

11. Can other substances besides metals be converted into 
oxides ? 

1^. How is sulphur converted into affi oxide? 

13. What changes does phosphorus undergo’ 

1 1. What IS iiiemit by the oxide of hydrogen? 

1:). Can animal and vegetable substances be converted into 
oxides ’ 


LESSON THE SEVENTH.* 

COMIJOSTION. WATER. MI^^EllAL WATERS. 

1 . All bodu's may be dh irled into combustible and iii- 
coinlnistiblf : the term combustible is applied to every 
substance capable of being burnt in atmospheric air, or 
in oxygen gas. 

2. C'oinbustjon is the process by wliich combustible 
bodies absorb tlic oxygen of the air or gas, and suffer 
the calorie to escape. 

Illustration. — Wlion a combustible body is heated to a 
certAn degree, it possesses such an attraction for oxygen, 
that it absorbs it from the air, while the caloric that gave it 
the gaseous forui escapes and ditfuscs itself among the sur- 
rounding bodies. 

3. Hydrogen, sulphur, phosphorus, carbon, silenium, 
boron, and the metals, are called simple combustibles. 

4. Compound combustibles are such bodies as are 
formed by the union of two or more simple combus- 
tibles: such are coal, oils, &c. formed of hydrogen and 
carbon. 

5. Substances that are themselves not combustible 
but which arc necessary to the process of combustion. 
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are called supporters of cdmbusfion; such areoxygen 
gas and atmospherical air. 

.6. It is oxygen wliich gives character to the sup- 
porters of combustion, and th^ heat produced in burn- 
ing bodies is derived from the oxygen of the atmosphere. 

Illustration, — In kindling a fire a continual stream of 
air flows to the burning body, which occupies the plac^e o^the 
air that has been decomposed, or depnved of its oxygen. 
Hence a continual supj^dy of caloric is himishetl by the ox> geu 
being changed from a state of gas into that of u solid bod}*, 
and mcorporated with tne corns. When reduced to ashes, 
the coals or wood may be said to be saturated with oxygen, 
and converted into an oxide cn* an acid. 

7. No substance is destroyed or annihilated by com- 
bustion : the parts are separated from each other, and 
form new combinations. 

8. The light or flame produced in combustion, comes 
from the combustible body, in which it was locked up, 
as it were, till raised to a sufficient temperature, wlien it 
becomes free. 

9. The caloric, or heat produced, is derived from the 
oxygen, which being separated from the atmosphere, 
and united to the burning body in a solid form, gives 
out heat. In the same way that steam converted into 
water, or water into ice, must give out heat during the 
change. 

10. Water is found in almost all natural bodies, and 
is either in a state of simple mixture, or in combination. 
In the form€*r case it is perceptible to the eye : in the 
latter it exhibits no external character; and in this form 
it exists in crystals, salts, plants, animals, &c. 

1 1 . Water is susceptible of various forms, as the solid 
in ice ; the liquid in what is usually called water ; the 
vaporom^ in steam. 

12. Water is a compound of hydrogen and oxygen 
in the proportion of 15 parts of the former, by weight, 
to 85 of the latter. 

13. Water may be decomposed by chemical means. 
(See Lesson 4. art. 10.) and it may be decomposed by 
the combustion of oxygen and hydrogen gases, in a glass 
vessel, by means of the electrical spark. 
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14. When water cofttains such an excess of any foreign 
matter, that it cannot be used for domestic purposes, it 
is called a mineral water. 

15. Mineral waters generally contain the acids, the 
alkalies, or the salts; bA the salts are most frequently 
to be met with, such as the sulphates of soda and 
magnesia. 

16. The carbonates are the most common ingredients 
in mineral water. Chalybeate springs are composed of the 
carbonate of iron, united with water. 

17. Muriates are very common in mineral water: the 
sea-water is impregnatea with muriate of soda. 

1 8 . Sulphurous acid is found combined with water in 
the vicinity of volcanoes. 

QUESTIONS FOR EXAMINATION. 

» 

1. How are all bodies divided? 

2. What is meant by combustion? 

Give the illustration? 

3. Which are the simple combustibles? 

4. Wbat is meant by compound combostibleB? 

5. What are the supporters of combustion? 

6. Wbat gives character to the supporters of combustion? 

How is this illustrated. 

7. Is a substance destroyed by combusdon? 

8. Prom wbat does the light of a burning body proceed ? 

9. From wbat is the calonc derived? 

10. In bow many states is water found? 

11. Of what forms is water susceptible? 

Of wbat substances is water composed? 

13. How can water be decomposed? 

14. What is meant by a mineral water? 

15. Wbat do mineral waters contain? 

16. Which are the most common ingredients, and of wbat are 
chalybeate springs composed? 

17. Are muriates common, and with wbat is the sea- water 
impregnated? 

16. Where is sulphurous acid found combined with water? 
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MINERALOGY, 

OBJECTS 01' the science, synopsis op external 
C ilARACTEll OP METALS. 


All luetals are mluctals, but all miuerala are not metals. Miuorals 
in the restrained sense are bodies that may be melted, but not inaU 
leak'd. " — JJucon. 

“ Our object in this chapter, as every where else in this work., will 
he to present facts, to account for phenomena where the causes can he 
traced by induction, and where our want of Information leaves room 
to doubt, there to stop ; and w ith such evidence or data as we can fur- 
lush, leave the reader to form his oun judgment.” 

Introduction to the Sciencc/i — Walkei\ 

Minbralogy is that science which treats of the solid aiul 
manimatc matefials of which our globe consists ; and these 
are usually arrfmged under the four classes specified in the 
following lessons: the eai^hy, the saline, the intiaitimuble, 
and the metallic. 

The distinguishing peculiarities of these substances are as 
follows. The earthy minerals compose the greater part of 
tlie crust of the earth, and generally form a covering for the 
rest. They are not remarkable for being heavy, brittle or 
light coloured. They are little disposed to crystallize, are 
uninflammable in a low temperature, insipid, and witliout 
much smell. The saline mmemls are commonly moderately 
heavy, soft, sajiid, and possess some degree of transparenej . 
The infiammahlc class of minerals is light, brittle, mostly 
opaque, of a yellow, brown, or black colour, seldom crystal- 
lize, and never feel cold. Metallic minerals are cliaracteriijcd 
by being heavy, generally opaque, tough, malleable, cold, not 
easily infiamed, and by exhibiting a great variety of colours 
of a peculiar lustre. 

Under each of these classes, are various genera, species, and 
kinds, which are all noticed in their regular ortler by our 
author. Sometimes as in the vegetable kingdom w c find a 
strict affinity betw een different species of minerals, and in 
that case in the language of the science, they are said to be- 
long to the same family; but in mineralogy, one class does 
not always blend with another in a chemical point of view, 
or furnish that beautiful ^adation and almost imperceptible 
union which is to be traced in the other kingdoms of nature. 

As the external characters are of the first importance in 
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facilitatang our acquaiiitJnce itb minerals, and as our author 
has abstained from giving a detailed and synoptical descrip- 
tion of them, I shall briefly explain this subject, considering 
it an appropriate introduction to the classification of the dif- 
ferent substances i^hich fol^w. 

The external chanicters of minerals are either generic or 
specifle. The generic characters arc certain properties of 
minerals, without any reference to their diflerences, as colour, 
lustre, weight, &e., and the diflferences between these pro- 
{lerties form the specific characters. 

Generic characters are general or particular. In the first 
division arc comprehended those that occur in all minerals, 
in the last, those that are found only in particular classes of 
minerals. 

The particular generic external characters are thus advan- 
tageously arranged: 

1. Colour. 

2. Cohesion of particles ; distinguished into solid, iiiablc, 

and fill id. • 

In solid minerals arc to be regarded the external shape, the 
external surface, and the external lustre. When broken, the 
lustre of the fracture, the fracture itself’, and the shape of the 
fragments arc to he noticed. In distinct concretions, regard 
must be paid to the shape of the concretions, their sintacc, 
their lustre, transjiareneies, streak, and soihng. All these 
may be ascertained by the eye. By the ^uch we may dis- 
fovi'i* the hurclness of minerals, their tenacity, fraugibility, 
tlieiv unctuosity, coldness, weight, and their adhesion to the 
tongue. By the ear we distinguish their sound, and by the 
smell and taste, the qualities which these two senses indicate. 

In iriable minerals, external slnqie, lustre, aspect of soiling, 
and degree of frialibity, are to he attended to. 

iti fluid iniuerals the lustre, transparency, and fluidity are 
principal objects to be regarded. 

The specific e\tenial (diaracters of minerals are founded on 
the distinctions ami vurieties of the two great generic divi- 
sions. And first of colours, the names of which are derived 
from certain bodies in which they most generally occur, either 
in a natural or artificial state, or from different mixtures and 
compositions of both, as for instance white, this may be snow- 
white, reddish-white, yellow ish-wdiite, silver- white, &c. Grey, 
lead-grey, blueish-grey, pearl-grey, &c. Black, greyish-black, 
brownish-black, &c. &c. Besides these distinctions, colours 
may be clear, dirk, light, or pale, they may have a tarnished 
appearance, a play, a changeability, an iridescence, an opalcs- 
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ceKice» B permanent alteration, and b d^neation of /igure or 
pattern^ auch as dotted, spotted, clouded, flamed, striped, 
veined, &c* 

With respect to the second gmnd ^neric distinction : cohe- 
sion of particles ; metals are divvied into 1, Solid, or such as 
have their parts coherent, and not easily moveable : 2, Friable, 
or that state of aggregation in which the particles may be 
overcome by simple pressure of the finger ; and 3, Fluids, or 
such as consist of particles which alter their place in regard 
to each other by tbeir own weight. 

After the external aspect, the fracture forms no inconsider- 
able character in minerals. Its lustre may be determined as 
in the external lustre; but the fracture itself admits of great 
varieties. It may be compact, splintary, uneven, earthy, &c. 
If the fracture is fibrous, we ai'e to consider the thinness 
of the fibres, if coarse or allicatc ; the direction of the fibres, 
if straight or curved; and the position of the fibres, if parallel 
or diverging. 

The external characters of metals from the senses are as 
follouTs. Those from the touch are eight in number, as al- 
ready enumerated. The different characters which occur in 
the mineral kingdom from the sound, are a ringing sound, 
as in native arsenic, and their splinters of horn oa* stone ; a 
grating-sound, as in fresh burnt clay ; a creaking-sound, as 
that of natural amalgam. Those from the smell may be 
8];>ozLtaneously emitted, and described, os bituminous, faintly 
sulphurous, or faintly bitter ; or they may be produced by 
breathing on, and yield a clay-like smell ; or they may be 
excited by friction, and smell urinous, sulphureous, garlic-like, 
or empyreumatic. The external character from the taste 
prevails chiefly in the aaline class, and it contains the follow- 
ing varieties : a sweetish taste, sweetish astringent, styptic, 
saitlv bitter, saltly cooling, alkaline, or urinous. * 

leaving thus given a very brief synoptical view of the ex- 
ternal characters of minerals, I refer tiie student to the im- 
portant and luminously arranged propositions of our author 
m the following lessons. 

LESSON THE FIRST. 

MINERALS. 

2. Mineralogy is a science, the object of which is to 
describe and arrange inorganic bodies k* that is, all 
bodies which belong to our globe, except animal and 
vegetable substances. 
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2. Minerals constitute the external covering of our 
globe, their number is very great, and tlieir character 
almost infinitely diversified. 

3. The business of mjneralogy consists in describing 
the different appearances and characters of minerals; and 
in arranging and classifying them according to their most 
obvious relations. 

4. All mineral productions are comprehended in four 
classes : viz. the earthy^ or stones; the saline^ or salts : 
the mfiaimnabhy as sulphur, &c*; and metals, or metallic 
ores. 

5. The earthy minerals contain all such as derive 
their qualities from the earths, (described in Lesson 5. 
Chemistry) these are divided into families, or genera, 
according to the particular earth which predominates in 
each. 

Example. — (1.) The silicious, or flint genus, contains all 
those earthy minerals in which sUex or flint predomin&tes, as 
the garnet, ruby, quartz, common flint, &c. 

(L^ ) The clay genus includes common clay, slates, and all 
those substances that contain a predominant quantity of 
alumina. 

6. The saline class of minerals contains all the combi- 
nations of the acids with alkalies which exist in the 
mineral kingdom;* such are saltpetre, or nitrate 0 ^ 
potash; common rock salt, or muriate of soda; and sal- 
ammoniac, or the muriate of ammonia. 

7. The third, or inflammable class, comprehends all 
cdinbustiblc bodies, except metals, and the diamond; 
iiiid it includes sulphur, resins, bitumens, and graphite. 

Examples. — (1.) The resin includes amber, and a substance 
called retinasphaltum, which seems to connect resins with 
bitumens. 

(2.) Bitumens contain petroleunft, mineral pitch, and various 
kinds of coal. 

(3.) Graphites are true carburets of iron, of which plumbago, 
or black lead, used for pencils, is one. 

8. Tlie fourth class comprehends all mineral bodi^, 
composed Either entirely of metals, or of those bodies 
of winch metals constitute the most considerable part. 
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9, The f^enera of minerals are divided into species, 
and these again into sub-species and varieties, according 
to their agreement, or difference in external qualities, as 
shape, colour, fracture, hardnesj^, <fec. 

10, From minerals of the fourth class all metals arc 
extracted, hence they have obtained the name of ores. 

11, Metals exist in ores either in a metallic state: 
combined with sulphur : in the state of oxides ; or com- 
bined with acids. Hence the four genera, alloys, sul- 
phurets, oxides, and salt^s. 

QUESTIONS FOR EXAMINATION, 

1. What is mineralogy ^ 

а. What constitutes the covering of the earth ! 

3. Of what does the business of mineralogy consist? 

i. Into how many classes are mineral producuons divided? 

5. What do ejirthy minerals contain, and how are they divided * 

Give the ejcainple, 

б. What does the saline class of minerals contain? 

7. What does the inflammable class coinpreheiur^ 

Give the examples. 

B. What does the fourth claas of minerals comprehend^ 

9, How' are the genera of minerals divided 

10. Whence are ell metals extracted? 

11. In what do metals exist** 


LESSON THE SECOND, 

ROCKS. 

1 . The stony masses of which the earth, as far as^ it 
has been exjilored, is composed, are either simple, 
(such as have been described in the last lesson) or com- 
pound, 

2. Stony masses, or rocks, are very numerous, and 
they arc found in the eArth, laid one above another; so 
that a rock of one kind is covered by another species of 
rock, and this by a third, and so on. 

3. This arrangement is not arbitrary, but every species 
of rock occupies a determinate place, so that they follow 
each other in regular order, from the deepek part of the 
earth’s crust to the surface. 
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Example. — Lime stoint* is found no where under granite, 
but always above* it. * 

4. Rocks ure divided into five classes. The first 
class of rocks arc covered by all the rest, but never them- 
selves lie over any other.# The others lie in order over 
each other. 

5 . These classes are denominated ; hence 
we have primitive; TRA^fsirioN : floetz; alluvial; 
and VOLCANIC formationa, according to the period in 
which, and the mode by which, they have been formed. 

6. The primitive formations * are the lowest of all, 
and the alluvial constitute the very surface of the earth ; 
for the volcanic formations are confined to particular 
points. 

7. Primitive rocks are supposed lo have been chemi- 
cal precipitations, formed in the early chaotic state of 
the earth ; because they never bear any ftace of orga- 
nized beings; these arc chiefly composed of siliceous 
and argillaceous earths, as granite, gneiss, slate, &c. 

8. Transition rocks were formed during the transition 
of the i^arth into a habitable state : they difter from the 
primitive in the variety of their colour, and by contain- 
ing the remaiiLS of marine animals. 

9. The fiociz rocks are disposed in flat, horizontal 
strata : they contain the remains of animals and vege- 
tables, and must have been formed after the creation of 
these. 

10. Alluvial formations consist of the component 
pa As of previously existing rocks, separated by the in- 
duence of the air, <&c. and deposited in beds, 

11. Alluvial formations arc compounded, (1.) Of 
sand, gravel: and (2.) of alluvial deposit; as loam, 
clay, sand, turf, and calcturf. This last contains plants, 
roots, moss, bones, &c. which it has encrusted* The 
clay often contains petrified wood, and skeletons of 
quadrupeds. 

12. Volcanic formations are of two kinds, namely, 
the pseudo-volcanic, and the true- volcanic : the first are 
minerals altered in consequence of the burning of beds 
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of coal situated in their neighbourhood : the second 
are those whicli have been actually thrown out of the 
crater of a volcano. 

13. Volcanic productions consist of pumice-stones, 
lava, and basaltes. Puinicetstone is a kind of glass, 
but on account of its pores it is often lighter thaji 
water : lava is a semi-vitrified substance ; and basaltes 
may, by heat, be converted into glass of a beautiful black 
colour. 


QUESTIONS FOR EXAMINATION. 

1. How are the stony masses of the earth distinguiBhed? 

2. How are rocks found m nature? 

3. Is the arrangement of rocks arbitrary ? 

Give the example. 

4. How are rocks divided? 

How are the classes of rocks denominated, and what is the 
result? « 

6. What is meant by primitive formations? 

7, How are primitive rocks supposed to have been formed, and 

of what are they composed? •* 

a. How have transition rocks been formed, and how do they 
differ from primitive rocks ? 

9. How are floets rocks disposed? 

10. Of what do alluvial formations consist? 

11. Of what are alluvial formations compounded? 

12. How are volcanic formations distinguished? 

13. Of what do volcanic productions consist? 


BOTANY. 

THE BMPIOYMENT IT SUPPLIES. 

. ' I ■ ' “ At once array’d 

In all the colours of the flushing year 
By nature’s swiit and secrct-ivorking hand, 

The garden glows, and fills the litjcral air 
With lavish fragrance.” — Thomson. 

Botany ia a term derived from the Greek, i^or an herb or 
plant : and it formerly implied a knowledge of the nature. 
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uses, ai\d cultivation of plants. In the accounts of the dif- 
ferent genera, which the following lessons contain, these three 
objects are combined. But as a modern science, botany 
chiefly applies to the classification of plants ; or that syste- 
matic arrangement by whic^from general marks or characters, 
the botanist is enabled, fir^ to trace the class, next the order, 
then the genus, and last of all the species, to which any plant 
he meets with belongs. 

Various systems have been invented for the daSBification 
of the vegetable tribes : but that of Linnscus, as the simplest 
and most decisive, has superseded them all. It is founded 
on the sexual system, or that w'hich supposes all plants to 
have male and female parts of gjeneration ; a system which 
there is eveiy reason to believe is physiologically true, and 
which has been most elaborately analyzed by our author. 

The flowers of plants Linnicus very properly made the sole 
foundation of his beautiful system of totany. Being the 
same in all parts of the globe callable of proilucing plants, 
the classification founded upon them afibrds .a kind of uni- 
versal language to botanists, whereby they can no longer mis- 
take (jach otner’s meaning, as has unfortunately been the 
case, less or more, with almost all former hotaniciu sj^stems. 

In inv'cstigating the genus of a plant, we must first consider 
its essence. The essence of every vegetable, says Linn&cus, 
consists in the fructification ; the essence of the fructification 
in the flower ; the essence of the flower consists in the on- 
theras and stigma; and the essence of the fruit in the seed. 
Hence ho makes the flower and fruit the foundation of his 
generic distinctions. 

As it IS a most convincing proof of a just and uncorrupted 
taste, to prefer the works of Uod to those of man, I am never 
more delighted than when I see i)er8ons of understanding 
buslkid in the cultivation of flowers. What lessons of morality 
are conveyed by such lovely momtors ! t often think they 
abound no less in moral instruction, than in beauty and sweet- 
ness; which are, in truth, the very perfection of elegance: 
they seem equally calculated to convey instruction and de- 
light. How deplorably stupid and perverted is that opinion 
which many people, who even set themselves up for persons 
of taste, entertain, when they look upem them as trifles 
uttt‘rly unworthy their notice. 

The short duration of the beauty of a flower, its being sub- 
ject to every blast of the inclement sky, or instantly withered 
by the too pow:rful heat of a burning sun, are the arguments 
whicli these wise people make use of, in excuse for their dis- 
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regard of these inimitable patterns tof elegance andbeautj'; 
but, if these ungrateful beings to the beauties or nature, 
which are poured round us with so liberal a hand, are not 
incapable of being at all connnced, I would just beg leave to 
remind them of tlie unceitaiu state of their own prosperity ; 
and admonish them to reflect, flow little secure they are olf 
being preserved from the oppressive storms, or of enjoying 
the constant sunshine of fortune ; not to mention, that this 
objection will hold good, with equal force, against every tem- 
poral enjoyment, and all worldly satisfactions whatever. If 
there be, in fact, any real comparison to be drawn from human 
life and a flower, it certainly follows, that no person can pre- 
tend to a right of despising the one that would be thought 
to place any value on the other. Folly may siiggc'st wbiit it 
pleases; but there is nothing in nature unwortliy of the at- 
tention of a wise jierson ; notwithstanding all the idle wit 
and ricbcule which the collectors of tulips, shells, and butter- 
flies always incur ; because the most inferior of her produc- 
tions may, in ^ome measure, be made instrumental to their 
improvement. A single leaf of the lowest herb, the smallest 
blade of grass which trembles in the wind, were they ta con- 
sider it attentively for a few moments, w'oiild not only (dear 
their understamllug from a oonc'eited self-sufficiency, but would 
improve their reason into the utmost conviction of its igno- 
rance. An elegant author observes, “ were we to reflect in a 
proper manner on the correlative importance of such objects 
as may be thought useless and msigniflcaut, when considered 
only with regard to themselves, we should discover a mediate 
sort of union between the widest hiiks of that infinite chain, 
which holds together the constitution of the universe; we 
should perceive that all these things which are most dissi- 
milar in every other respx‘ct, do however agree in that common 
destination whereby they become so many equally impouftant 
parts of one stupendous whole : and we should find as fit a 
place for the discovery of truth in every flower-garden, as in 
the celebrated gardens of Cadmus ! ” 

There is undoubtedly, the closest affinity between a proper 
cultivation of a flower-garilen, and the right discipline of the 
human mind. That industry and diligence, which are so re- 
quisite to clear a garden from its useless weeds, will naturally 
suggest to a thoughtful person, how much more necessary it 
is, to exfert the same diligence in rooting from our rairids% 
their vajrious folhes, vices, and prejudices. 



BOTAK Y. 


367 


LESSON THE FIRST, 

DEFlNITlOTsrS. 

1 . Botany is the science which teaches a knowledge 
of* the vegetable kingdom; and its study includes the 
practical discrimination, methodical arrangement, and 
systematical nomenclature of vegetables. 

2. According to the Linnsean system, every plant 
consists of a root, buds, trunk, Jeaves, props, InRores- 
cence, and fructification. 

3. Roots serve to fix and hold the plants in the 
earth, (Vom which they imbibe nourishment. Sea- weeds 
afford an exception to this, for they are nourished by 
tlieir surfaces, the root serving^ to fix tltem to a con- 
venient spot. 

4. A root is either annual, biennial, or perennial: 
tlu* first kind live but one season, as barley or oats, the 
second, as wheat, survive one winter, and perish at the 
end of the following summer, after perfecting their seed : 
ficrennial roots remain and produce blossoms for an 
indefinite term of years, as trees and shrubs. 

C ) . The body of the root is denominated the ‘ ‘ caudex ; ’ ' 
the fibrous part is denominated ‘‘ radicula:"' the latter, 
ulnch is the only essential part, is annual in all casefi». 

6. Roots are distinguished into the fibrous,** as tlie 
grasses: — ‘‘creeping,*' as mint: — ‘‘spindle-shaped,’* 
as tiie carrot: — “ stumped,” as that of the primrose: 
— “tuberose,” as tlie potatoe: — “bulbous,” as the 
crocus: — and “ granulated,” as in the white saxifrage, 

7. Buds are like the bulbs of the roots m herbaceous 
plants; they are guarded by scales, furnished with gum 
or woolliness as an additional defence. Plants are propa- 
gated by buds as well as by roots. 

8. There are seven kinds of steins, or stalks of plants : 
— the “ caulis,” which bears both leaves and flowers, as 
the trunks and branches of trees: — the “ c.almus,” a 
straw which it^ the peculiar stem of grasses, corn, &c. : 
— “ scapus/’ a stalk that springs immediately from the 
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root, bearing fio^vers and fruit, bnt not leaves, as in the 
primrose: — ** pedunculns/' the flower stalV, which 
springs irom the stems or branches, bearing flowers and 
fruit, but not leaves: — petiolus/' the foot stalk is 
applied exclusively to the s|alk of a leaf: — “ frons,'" 
when the leaf bears the flowers and fruit, as in the case 
of ferns : — and “ stipes,*' which is seen in the stalk of a 
mushroom. 

9. - Leaves of any other hue than green are said to be 
coloured : their duration is mostly annual ; but in ever- 
greens they sometimes survive two or more seasons: 
leaves are distinguished from one another by their form 
and situation. 

10. The form of leaves is either simple, as in grasses; 
or compound, as in parsley, the rose, &c. 

11. The fulcra, or props, are distinguished into tlie 

stipula," which is a leafy appendage to the herbage of 

plants, as in the rose : — bractea,*' which is a leafy 
appendage to tlie flower or its stalk, conspicuous in tlie 
lime-tree: — “ spina," a thorn which proceeds from the 
wood itself, as in the wUd pear tree, whicli loses its 
thorn by cultivation : — “ aculeus," a prickle which pro- 
ceeds from the bark only, having no connexion with the 
wood, as in the rose: — “ cirrus," a tendril intended as a 
support for weak stems, as m the passion flower: — 
“ glandula,” a small tumour, secreting a sweet, resinous, 
or fragrant liquor, as ou the calyx of the moss rose : — 
and “ pilus," a hair, which includes all the various kinds 
of pubescence, bristles, wool, &:c. ^ 

12. There are several kinds of inflorescence, as the 

whorl," in which the flowers surround the stem in a 

garland or ring, as in the dead nettle: — “ racemus," a 
(duster bears several flowers, each in its own stalk, like 
a bunch of curraiits : — “ spica" is composed of numerous 
crowded flowers, ranged alcmg an upright common 
stalk ; of tiiis, wheat and barley are good examples : — 
“ corynibus," is a flat topped spike, the long stalks of 
whose lowermost flowers raise them to a level with the 
uppermost; this is exemplified in the cabbage and wall- 
flower: — “ fasciculus," a close bundle of flowers on little 
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stalks connected and 4evel at the top, as in the sweet 
Williani*; — capitulum,” a head or tuft, is composed of 
numerous sessile flowers, coUected into a globular form, 
as thrift: — “ umbella,’* consists of several stalks spread- 
ing from one centre like an umbrella: — cyma,’* con- 
sists of stalks springing from one common centre, after- 
wards irregularly subdivided, as in the laurustinus and 
elder : — “ panicula” is a loose subdivided bunch of 
flowers, arranged without order, as in the oat: and 
“ thyrsus,” a bunch, is a very dense panicle, as in the 
lilac. • 

13. Fructification comprehends not only all the patts 
of the fruit, but also those of the flower, which last are 
indispensable for the perfecting of the former. 

1 4. The parts which constitute these organs are seven. 
(1.) The calyx,” or flower-cup. (2.) The “ corolla,” 
situated within the calyx, consists, geneisally, ©f the 
coloured leaves of flowers: it comprehends both the 
petal and nectary. (3.) The stamina are situated 
within the corolla, and are various in number in different 
flowers, from one to several himdreds. (4.) The pistils 
standing in the centre of the circle formed by the stamens. 
(5.) The pericarpium, or seed vessel. (6.) The seeds: 
and, (7.) The receptacle, which is the common base of 
the parts of fructification. 

QUESTIONS FOR EXAMINATION. 

1. What is Jiotanyl 

2. Of what does every plant consist? 

^^For what ore the roots designed? 

4. How are roote disUnguisbed with respect to their age? 

5. How are the^dy and fibrous parts of roots distinguished? 

6. How are roots distinguished with regard to their structure? 

7. What are buds? 

8. How many kinds of stems are there? 

9. What is meant by coloured leaves? 

10. What is the form of leaves? 

11. How are the fulcra distinguished? 

12. How many kinds of inflorescence are there? 

13. What does frucuiication comprehend? 

14. What partS constitute the organs of fructification? 
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LESSON THE SECOND, 

CLASSTFICATIOK^ OF PLANTS. 

^ 1 . The Liniitsan system of botany is founded on the 

number, situation, and proportion of the stamens and 
pistils, which are usually found in the same flower, as 
in the lily. 

2. Sometimes the ^mens and pistils are placed in a 
different individual of the same species: tliat furnished 
with statems is called the male, or barren blossom : that 
with pistils the female, or fertile one. Such is the date- 
palm. The male and female will both produce blossoms 
apart, but they must be near each other belbro truit t‘an 
be perfected, 

3. When fertile and barren flowers are borne by 
the same plants, such plants are named rno^weeious, 
as residinij in the same house: the cucumber is an 
example. 

4. If the fertile and barrren flowei, that is the male 
and female "row on different roots, as on the date-palm, 
they are dioecious, 

5. The pistil is divided into three parts, the g-ermen, 
the style, and the stigma, the germcn, whicdi contains 
the embryo seed, and the stigma, are essential, but the 
style is often wanting, as in the popjiy, 

6. The staiTKui is divided into two parts, the fila^.ient 
and anther: the latter is essential, as containing an ap- 
parently fine dust or powder, called fblleii, whicli, by 
falling on the stigma of the pistil, is the cause of com- 
plete fructification. 

7. The stamens and pistils being the essential parts of 
a plant, Lirunseus made them the basis of his system, 
which consists of twenty-four classes. These classes 
owe tlieir distinctions chiefly to the stamens : the orders^ 
or subdivisions of the classes are generally marked by the 
number of pistils. 
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8. T1?£ Linnaean names of the classes are 


1. Monanclria. 

2. Diandria. 

3. Triandria. 

4 . Tetandria. 

5. Pentandria. 

6. Hexandria. 

7. Ile])tandria. 

8. Octaiidria. 


9. Ermeandria. 

10. Decandria. 

11. Dodecandria. 

12. Icosilmdria. 

13. Polyandria. 

14. Didynamia. 

15. Tetradynamia, 

16. Mouadelphia. 


17. Biadelphia. 

18. Polyadelpbia. 

19. Syngenesia. 

20. Gvnaiidria. 

21. IVfonoecia. 

22. Diuecia. 

23. Polygamia. 

24. Cryptogamia. 


9. The first eleven classes depend entirely upon the 
number of stamens ; thus class 1 .* “ Monandria/^ 

fies one male, or one stamen. Class 2. “ Diandria,” 
two males, or two stamens, <fec. 

1 0. The twelfth class depends on the number (twenty 
or more) of stamens growing out of the calyx. 

1 1 . The thirteenth depends on the number growing 
out of the receptacle. 

12. Tlie fourteenth and fifteenth classes depeu"* on 
the relations which the stamens bear among themselves: 
the first of these have four stamens, two long and two 
short, as in the thyme, and the second has four long and 
two short stamens, as in the stock. This last comprises 
the cruciform flowers. 

13. The next three classes depend on the union of 
the stamens: in the sixteenth all the stamens are united 
in one sheath : in the seventeenth they are divided into 
two (juantities; and in the eighteenth into more than 
two. 

14^^,^he nineteenth has the upper parts of the stamens 
united mto a tube, and the lower parts separate. 

15. The twentieth has the stamens situated on the 
pistil. 

16. The twenty>first comprehends plants where the 
stamens grow in separate flowers from those that produce 
the seed, yet both sorts of flowers growing on the same 
plant, as in the cucumber. 

17. The twenty-second class includes those plants 
in which the flowers that bear the stamens grow on 
separate plants irom those that bear the seed, as in the 
date-palm. 

R 
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18. Tlie twenty-third class comprehends tho^e plants, 
the stamens of which g^row sometimes on separate plants, 
sometimes in separate flowers in the same plant, and 
sometimes in the same flower with the pistil. 

19. In the twenty-fourth €lass the stamens and pistils 
are cither not well ascertained, or cannot be numbered 
with certainty : this is called the cryptogamia class, and 
includes ferns, mosses, liverworts, flags, and different 
kinds of sea-weeds and fungi. 

QUESTIONS FOR EXAMINATION. 

1. On what is the Linn^an system of botany founded? 

Which are the male, and which the female blossoms? 

3. What are monoecious plants? 

W^bat are dioecious plants? 

5. How ts the pistil divided? 

6. How' is the stamen divided? 

7. AVbat ^id Linnaeus make the basis of his system, and of how 
many clashes does it consist? 

8. Can you rejneat the names of the classes? 

9. On what do the first eleven classes depend? 

10. On w hat does the twelfth class depend ? 

11. On what does tJie thirteenth depend? 

12. On what do the fourteenth and fifteenth classes depend 

13. On what do the sixteenth seventeenth, and eighteenth de- 
pend? 

14. How is the nineteenth class distinguished? 

15. How are tlie stamens of the twentieth situated? 

16. What plants does the twenty-first class comprehend? 

17. What does the twenty-second class comprehend? 

18. What does the twenty-third comprehend? 

19. How is the twenty-fourth class distinguished? 


LESSON THE THIRD. 

OF THE ORDERS OF PLANTS. 

1 . The orders of the first thirteen classes are established 
upon the number of pistils, and they are designated by 
the Greek words moriogynia, digynia, trigynia, &c. sig- 
nifying one, two, three, &c. females. , 

Illustration. — ^Wehave in the canna, or American reed. 
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iui inHlaim? of the inonnn jria mono^nia, that id, a flower with 
one stamen and one pistil. In the jasmine we see an instance 
of the diandrin monog^^’nia, or flower that has two Stamens and 
one pistil. In the linum, or flax, there are flve stamens and 
five pistils; and the flower m called pentandria pentagjmia, 
that IS, one having five males and five females, and so S’ the 
rest. 

2. Tile orders of the fourteenth and fifteenth classes 
arc characterized by the manner of producing seed ; and 
those of the sixteentli, seventeenth, and eigliteenth, are 
foniided on the number of stamens* which compose them. 

3. The orders of the nineteenth class are marked by 
the united or separated, barren or fertile nature of the 
florets. 

4. Tlic orders of tlie twentieth, twenty-first, and 

twenty-second, are dislingulshed,,almost entirely, by the 
number of their stamens. , 

!>. The orders of the tw'enty-third are (‘ailed monoecia, 
and dioecia, for reasons which have been given in the 
last lesson. 

G. The four orders of the twenty-fourth class are 
ferns, mosses, flags, fungi, and liverworts. 

7. The study of botany has Ixien applied as a guide 
to estimate the (pialities of plants. 

Illustration. — The first order of the fourteenth class, 
denominated “ didynamia gj'mnospermia,” are all innocent or 
wholesome : those of the other ordei- are fetid, narcotic, and 
dangerous, being allied to a large part of the pentandria 
inonog^Tiia, to b(* poisonous, as containing henbane, 

nights^de, and tobacco. The whole class tetradjmamia is 
wholesome. Whenever the stamens are found to grow out of 
the calv.v, they indicate the l>ulpy fruits of such plants to bo 
wholesome. The papilionaceous jdants are wholesome, ex(*ept 
the seeds of the lahurniitn, which, if eaten unripe, are 
violently emetic and daii^jerous. Milky plants are generally 
to be suspected. Umbelliferous plaiits w hich grow in dry or 
elevated situations, are aromatic, sale, and often wholesome, 
while those that inhabit low and watery places are among the 
most deadly poisons. 

QUESTIONS FOR EXAMINATION. 

1, Upon whttt arc the orders of plants established? 

Give the illustration. 
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Hov(' are the orders of the fourteenth und fifteen<tb classes 
characterised, and also those of the sixteenth, seventeenth, and 
eighteenth? 

How are the orders of the nineteenth class marked? 

4. How are the orders of Ur;) twentieth, twenty^hrst, and 
twenty -second distinguished? 

h. What are the orders of the twenty-third class called? 
a. What are the four orders of the twenty-fourth class? 

7. 'L'o what has the study of botany been applied? 

Can you give the illustration? 


NATURAL HISTORY. 

INTUODUCTION*. 

“ See thro’ this air, lliis ocean, and this earth, 

All matter quick and bursting into birth. 

Above, how high progressive life may go ! 

Around how wide ! how deep extend below ! 

Voht chain of being! winch from (/ud liegan, 

Nature’H olbereal, human, angel, man ; 

Beast, bird, lish, insect, which no e)e can see, 

No glass can teach; — from Iniinite to 77/ce, 
l-'rom 2’Ace to nothing.** ^ J*oj/c. 

The world inuy very projierly be considered as one large 
mansion, where man is permitted to enjoy the works of na- 
ture, and to adore the Almighty hand whieli called it into 
life. Blest ivitli talents, nrul endow cil with senst*, lie feels 
himself the lord of earth’s domain : >)ut ivmiLst he eonteni- 
plattis the 8U{>eriority of his station, he is too jironc loi-get 
from W’liom that proud station and jne-cmincncc is derived. 

Amidi^t the many advantages vvhieh the mind enjoys from 
tracing nature through her varying oour.se, that of finding 
itself raised with admiration to the jiower wdiich formed it, 
is one of the most beneficial that can be jirodiiced ; for it is 
impossible to behold Hs nice dependencies without observing 
an xVlmighty Hand, 

In faking a view of animated nature, and beholding the 
connexion which exists in every part, we cannot but observe 
the exact resemblance which subsists between the human ami 
tl?e animal race. If Providence has bestoWed upon us tlic 
gift of intellect y tliey are endow'ed with sagacitij or strength; 
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anti 80 gfcat is the simijltude in the formation of our bodies* 
that vve might he termed animals erected on the hinder legs. 

This resemblance between man and beust> though it may de- 
cade the body, should deviate the mind, and poiut out the 
folly and absurdity of jicrsjjnal arrogance, when we reflect 
that our form bears amnity to a brute's. Man's euperiority 
consists in knowledge, virtue, and religion ; and in such a 
])ossesaion he may be permitted to boast and exult ; there he 
enjoys that pre-eminent distinction which raises him above 
every other tribe. Leaving man in the possession of that 
superiority which the benevolent Author of his being has 
dt^igned, I shall without further observation refer the student 
to the follow ing lessons, for initiation into the principles and 
arrangements of tliat science, by which the analogy I have 
named is disjdaved jmd estahltshcd, and the structure, uses, 
and habits of the inferior animals, investigated and ascer- 
tained. 


LESSON THE FIRST. 

Till* SClLNCi: DEFINED AND DESCRIBED. 

1. Natural liistorv is that part of knowledge wliioli 
teaches us to distinguish and describe the objects of 
nature, to examine their appearance, structure, proper- 
ties, and uses, and to collect, preserve, and arrange them. 

2. Two objects ought to occupy the attention of the 
naturalist, vi/. (1.) To classify natural substances, (2.) 
To examine their structure. 

3. Few natural productions can be distinguished from 
others by a single property, but by a combination of 
severSf of these properties we are enabled to discriminate 
one object, from others wdiicli resemble it, iti possessing 
some of those properties. 

4. The principal object of natural history teaches us 
tlie characteristics, or distinctive marks of each indiu- 
dual natural object. This is classification, 

5. To distinguish a species from all others thaj exist 
in nature, it is necessary to express in its characters al- 
most the wliole of its properties. 

6. A numbev of species brought together constitu^ 
a genus or tribe. 
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7. Tlie properties which are ccAnnion to all thg species 
of the genus, combine to form the charactcT, or rather 
description of the genus, distinguishing it from all those 
which might be formed by bringing together other spepies. 

S, Those properties which are common to all genera, 
compose a character that distinguishes this assemblage 
or group, from all other groups. Such an assemblage 
is calk'd an order. 

9. By bringing together suoli orders as are nearly 
allied, w'e form a more general assemblage, called a 
class; and by the union of several ckiss('s we obtaiif a 
higher division, to which naturalists have given tlu^ 
name of kingdom. 

10. Kingrloms, in natural histcuy, are divided intc; 
classes; classes into orders ; orders into genera ; genera 
into species; and each species often ('.ontains several 
varieties. ‘ 

Illustration. — Among the objects which surround us a 
great number are possessed of life, sensation, and voliintarv 
motion : these we call animals, and of them tlie anirnat kwydoin 
is formed. In examining various gi’oups of animals, we tiiid 
many that have four extremities, and suckle their youug w ith 
teats : these arc trailed “ quadrupeds,” on one account ; ami 
“ mammalia,*’ on the other, and this is a class of animals : — 
some of tlie mammalia Jiave hoofed feet, blunt fore-teeth, and 
feed almost entirely on vegetables : these constitute an order 
of that class named helluer : — a certain number of the animals 
of this order i^tee in having six fore-teeth in both jaws, and 
form a disting uisheil by this iiarticular from the other 

animals of the same order, and called the cquus or horst' 
genus. In this genus one species has solid hoofs, a tainiristly 
at the end, and a black mark on the shoultler of the male. 
Tliis is the common ass. The varieties an* distinguished by 
certain differences in the mane, the ears, and forehead. 

1 1 . Natural objects are usually divided into three 
kingdoms, the animal, vegetable, and mineral kingdoms, 
though there is sometimes difficulty in deciding to wliich 
kingtiom certain particular substances belong. 

Illustration. — There is one wdiole class of productions 
c^ed zoo’yhyta, which seem to form the conuecting links be- 
tween the different kingdoms. Some arc connected together 
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in form gf a stem and ffrauehes, as corallines, ht., and so 
situated as to be an exact resemblance to the seed-vessels of 
plants. Tliey are very similar to sea-plants^ and are j^nerally 
confounded with them under the title of sea-weeds; but upon 
closer investigation, they mc found to be living animals. 
Other zoophyta resemble productions of the mineral kingdom, 
as the madrepore and mitlepore, which appear like stones, or 
pieces of chalk or marble, but bcin^ more closely examined, 
there arc evident marks of on organic structure. 

12. Animals Inhabit the exterior parts of the earth, 
respire, generate eggs, and are .impelled to action by 
hunger, aflection, and pain. By preying upon other 
animals and vegetables, they restrain within proper limits 
and proportions the number of both : they enjoy life 
and sensation, and have, in a greater or less degree, 
locomotion. 

Illustration. — In examining the zoophyta jast meu- 
tioiie<l, it will be found that they have so much locomotion, 
as to be able to extend their tentacula, or feelers, in search of 
food ; which, on the least alann, they suddenly retract within 
their shell. 

13. Vegetables clothe the surtkee of the earth with 
verdure, imbibe nourislunent through their bibulous roots, 
respire by means of leaves, and continue their kind by 
the dispersion of seed. They are organized bodies, and 
liave life, but not sensation. 

14. Minerals occupy the interior parts of the earth, 
in rude and shapeless masses. They are concrete bodies, 
destitute of life and sensation, 

iS^Of these great divisions, the animal ranks the 
highest, in comparative estimation ; next the vegetable, 
and the last and lowest is the mineral kingdom. 

QUESTIONS FOR EXAMINATION, 

1. AVhat do you mean by natural history 1 

Wh&t are the chief objects to engage the naturalist's atten- 
tion ? 

3. How are natural productions distinguished from one another? 

4. tVhat is meant by classification ? 

5. How IS a species distinguished 1 

6. What constitutes a genus ? 
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7. What forms the ciiaracter or d^ijcription of a geous? 

8. What is meant by an o«xler. 

9. How is a class fonned, and what is meant by a kingdom? 

10. How are kingdoms, classes, &cc. divided ? 

Can you give an illustration of this mode of classification by an 
example ? 

11. How are natural objects usually divided? 

Mention some facts by way of illustration, to prove the difficulty 
of classing objects in their respective kingdoms. 

1 2. How are animals described ? 

Illustrate in what way it can be said that r^oophyta have the 
power of locomotion. 

13. Ciive the description of vegetables. 

14. Where are minerals found, and how are they described ? 

13. In what order do the three natural kingdoms rank in coiii- 

])arative estimation ? 


. LESSON THE SFXT)Nf). 

OF THE ANIMAL KINGDOM, Oil /OOJ.OGY. 

1, The animal kingdom is divided into 5/x classes, 
the ('havacters of which are taken from the internvil 
structure of tlie beings treated of : and each of the (‘lasses 
is divided into orders. 

Illustration. — A considerable portion of the bulk of 
animals is (ioniposcd of tubular vessels which originate in a 
heart. The heart propels either a colourless transparent tlunl, 
or a red blood, into the extremities of the veins, through 
which it retunis to the origin of motion. One of the distin- 
guishing characteristics of the classes arises from Ihe^Mour 
and tem])erature of the blood. 

‘2. Tile six classes are denominated mammalia, aves, 
amphibia, pisees, insecta, vermes. 

3. The mammalia, or first class, includes all animals 
that suckle their young : \ii. man, quadrupeds, whales, 
seals, porpois('s, and the bat tribe. 

4, The mammalia are characterized by having ^ hefirl 
with four cavities, viz. two ventricles and two auricles : 
the blood is red and warm, and the animals belonging 
to it are vwiparons^ or bring forth their ybung alive and 
perfect. 
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iLLUif^TRATioN. — Tlic scnscs of the mammalia consist of* 
the organs of sight, hearing, tasting, and smelling, and the 
I)ower of feeling. In many of these animals the organs are 
of greater acuteness than in man. The eyes in some qua- 
drupeds, the heai’ing in 6thei%, and the sense of smell in others, 
are far more acute than those j>ossessed by the human race. 
In some quadrupeds^he eyes are furnished with a membrane, 
.semi-tran8pfu*ent, which may at pleasure be drawn m-er the 
ball of die eye for its defence. The nose is i^orc or less com- 
pressed or lengthened. In the elephant it' k extended in a 
most wonderful manner into a long Jrunk, at the tip of w hich 
are j)hiced the nostrils. The tongue in quadrupeds is usually 
of a flattened and lengthened shape. In some it is of a cylin- 
ilric shape, anti lengthened into the form of a worm, and is 
extensile at the pleasure of the animal. 

5, The class aves, or birds, is distinguished from the 
inaninialia by being oviparous, N 3 r that bring forth llieir 
young by means of eggs. * 

(i. Amphibia, or amphibious animals, have a heart 
with one ventricle, and one auricle : their blood is cold 
and red. They breathe by means of voluntary lungs. 

7. The amphibia, by the peculiar structure of their 
respiratory organs, have the power of living either in 
w^ater or air. This class includes reptiles, serpents, and 
die shark, skate, and a few others, usually denominated 
fishes, but wdiicli possess this peculiarity. 

8. The class pisces, or fishes, resembles the amphibia 
in the structure of the heart and the quality of the blood; 
but it is distinguished from them by having branchiee, 
or instead of voluntary lungs. 

9. Insecta, or insects, have a heart, with one ven- 
tricle and no auricle : the blood is cold and white, and 
the animals are furnished with antennae, or feelers. 

10. The character of the class vermes, or worms, is 
the same as that of insects, only that the animals have 
no antennae, but are furnished with tentaeida. 

Summary. — (l.)*Thc internal structure of the mammalia 
and aves is the same; and they differ in this, that the former 
are viviparous; the latter oviparous. 

(2.) Th(j internal structure of the amphibia and pisces is 
the same ; hut the former are endowed with voluntary lungs, 
the latter have external gills. 

R 2 
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(3.) The internal structure of the insects and vermes is the 
same, but the former ai’e antennae, the latter tentacula.* 

QUESTIONS FOR EXAMINATION. 

1. Ilow is the animal kingdom divided, and from what are the 
distinctive characters of the classes taken ? 

Give the illustration* i| 

How are the six claasses denominated? 

What does the first class include ? 

4. How are they characterized ? 

o. How IS tlie class aves distinguished from the mammalia t 
(>. What is the character of the amphibia? 
r. What does the amphibia include, and w^hy are they enabled 
ro live either on land or in water? 

8. In what does the class pisces differ from the amphibia ' 

*>. What is the character of the class insecta ? 

10. In what do the vermes differ from insects ? 

Give me the summary respecting the six classes. 

Pomt out the distinction between the antenna' and palpi in m- 
sect.s, and the tentacula of vermes. See note. 


LESSON THE THIRD. 

MAMMALIA. 

1. Tlie class mammalia is so named from beiii^ pro- 
vided with teats for the purpose of suckliiij;^ their you 112 ^. 
Tliey resemble man in their structure : most of them art' 
(|uadrupeds, and with man, inhabit the surface of the 
earth. The largest, though fewest in number, inhabit 
the ocean. 

2. The mammalia are distributed into seven orders, 
the characiers of which are taken from the number, 
situation, and structure of tlieir teeth. 

3. The names of the seven orders are, primates, bruta, 
ferte, glires, pecora, bellua, and cete. 

* The antenne of insects arc distinguished from the tentacula of the 
vermes, in being cruUaceous ; and from the palpi of insects, bj their 
sitnation being nearer the mouth : the antennin of insects rarely exceecl 
two. They have sometimes been confounded with tentacula under the 
general name of feelers, hut the true feelers of insects are the palpi. 
The antennoi are processes, or jointed bodies, situatcAl oti each side the 
head ; the fialpi, or feelers, are short pointed processes proceeding from 
the mouth. 
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4. The order primates contains man, monkies, and 
bats ; they have four front cutting teeth in both jaws, 
and two pectoral teats. The genera of this order are 
homo, smiia, lemur, and^vespertilio. 

5, Tlie genus homo, or man, includes two species, 

denominated by Linnteus, homo sapiens, and homo 
monstrosus ; the first species contains several varieties, 
as the wild man, the American, European, Asiatic, ami 
Alrican. The second includes the Patagonian, Hot- 
tentot, &c. • 

(). The genus siniia, or monkey tribe, contains sixty 
or seventy species, separated into four distinct divisions; 
viz. ( I .) Apes which have no tail. (2.) Baboons whose 
tails are short. (3.) Monkies whose tails are long. And 
(4.) Monkies whose tails are long and prehensile. 

7. The simia genus resembles man in the uvula, eye- 
lashes, hands, feet, fingers, toes, &c., but it differs from 
him in the want of reason : the individuals liave reten- 
tive memories, are imitative, and full ol“ gesticulations : 
chatter with their teeth, and grin : they are filthy, 
thieving, gregarious ; and the prey of leopards and 
serpents. 

Illustration. — No animal approaches so nearly the hu- 
man form, or is so strongly iuij>resse(i with the human like--^ 
ness as the ouraug-outang, or wild man of the woods. The 
animals of this species reside in the w armer parts of India, 
Africa, ami m some of the Indian islands, wkere they roam 
about to tlie great terror of the negroes, who dare not pass 
thrs!^i]^h the woods alone for fear of being attacked and over- 
powered by them. The cars, the hands, and the feet, bear a 
strong resemblance to the human, and the body, which is 
lightly covered with hair, scarcely differs from that of a man, 
except that there are no calves to his legs. He walks erect, 
feeds upon fruits, and sleeps under trees. When the negroes 
leave a fire in the woods, this creature will sit close to it as 
long as any embers arc left remaining. In its wild state the 
ourang-outang is a most formidable creature, but when do- 
mesticated he becomes gentle and obedient, and capable of 
imitating a variety of actions. 

8. The leAur, or macauco genus, consists of animals 
approaching to monkies in the form of their feet; but 
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differing fh)m them in their manners. Somd* of the 
species are without tails, and some have long tails. 

Illustration. — The lemur tardigradiis* or lorisj, walks 
and climbs with great slowness; 4 ?>nd it is sup]>osed incapable 
of leaping. Its nittnnei*8 are gentle and interesting, it is ex- 
tremely susceptible of cold. It sleejis from stm-rise’to sun- 
set without intermission, is very attentive to cleanliness, lick- 
ing its ridi fur like a cat. Its food consists generally of fruits, 
but there ai’e species of insects w Inch form a repast peculiarly 
gratifying to it, and the sight of them excites in its counte- 
naiiee the most glowing dnimation, and summons to exertion 
all the energies of its frame. 

9. Tlie vespertilio genus have palmated I’ore-leet, with 
a membrane surrounding the body, giving the animal 
the power of flight. 

10. The animals of this tribe fly abroad by night, by 
means of the* membrane above descTi))e(l: they feed on 
gnats and nocturnal insects : they are torpid during 
winter in cold countries, gathering together in dark 
caverns, sticking to walls, or suspending themselves by 
the hind legs : they have tlie additional sense of being- 
able to avoid objects in tlieir way when deprived of eves. 

Illustration. — When bats are taken in the torpid state, 
and brought into a vvanu room, they gradually recover from 
‘ their torpor. Bats are sometipies seen iu such large flights 
as to darken the atmosphere , and some kinds, as the 8i>eetre 
hat, are so voracious as to attack men and other animals while 
thev are asleep, perfoiate some larjjc vein, and gorge them- 
selves wntli the blood. The hats ot this country live chiefly 
on insects, which induces them to frequent the sides of -t^Toods, 
or to glide along the siurface of the water. By the ancients 
the hat was consecrated to the goddess of the infernal re- 
gions, and its general aspect, nocturnal flights, and leathern 
wings, render it not an uiiappropriatc inhabitant of those 
obscure and dismal territories. The fabulous harpies of the 
ancients must have originated from a similar source. The 
larger bats of Africa and India answer extremely well to the 
general description of those monsters. 

QUESTIONS FOR KXAMJ NATION, 

i 

1. From wJmt do the mammalia derive their name, and how 
are they described '* 
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2. Into how many orders are they distnhnted, and from what 
is their character taken ? 

What are the names of the aeren orders ? 

4. What does the order pniimtes contahi : what is their cha- 
racter ; and of wlmt genera does it consist t 
,i. What does the genus homo include ? 

(). \N hat does the simia genus contain » and how is it divided? 
7. in w hat does this genus resemble man, and in what does it 
ditfer Irom him ? 

Can you give any illustration of this genus ? 
d. Of w hat does the lemur genus iconsist, and in what respects 
does It agree and disagree with the monkey tribe ? 

(jive some account of the lemur tardigradus. 

How’ IS the vesjiertilio genus characterized? 

10, Describe their habits, 

Ciive some account of the bat in writing. 


LESSON THE FOURTH. 

MAMMitlJA. 

1 . Tilt' order bruta lias no lore-teeth in either jaw ; 
and it includes eight genera, viz. the sloth, rhinoceros, 
(‘lepliant, jilatypus, 

2. The sloth irdiabits the w^arrner parts of America ;r 
leeds on fresh leaves, lives in trees, never drinks, is lear- 
ful of rain; climbs easily, walks painfully and slowly, 
hardly travelling fifty yards in twenty-four hours; its 
cry is wretched, and its tears excite pity. 

\^Tlie rhinoceros inhabits marshy places between 
the tropics, lives on thorns and spinous plants : may be 
tamed, but when enraged, it will in its tiiry overturn 
trees; its sight is weak, hut its sense of smell is very 
acute. There are two species, viz. the o/ie-horned and 
t «;()-liorned rhinoceros. 

4. The generic character of the elephant is tusks in 
the upper jaw; proboscis very long and prehensile; 
body nearly naked. 

Illustration. — The elephant inhabits the torrid zone, in 
swampy places, and by the sides of rivers; feeds on the 
leaves and branches of trees; devours grain voraciously; is 
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gregarious, docile, loiig-livcil, and sagacious. The proboscis 
IS long, and capable of extension and contraction, furnished 
at the end with a hook, serving the p«r|H>se of a hand, with 
winch it takes its food and drink: it serves also jxs the organ 
of respiration. It will carry housed on its back, moves quickly, 
swims dexterously; is used in war by the Indians, and w^as 
formerly armed by the Romans with scythes. This is the 
largest of qiiacbupeds : its height is from nine to tv> elve feet, 
and it sometimes weighs fotur or five thousand pounds. Uis 
tusks extend very far beyond the mouth ; they resemble horns 
marked with curled fibres^ These arc the ivoiy- of the shops, 
and some weigh 15()ibs* each. 

5 . The platypus is a newly discovered animal that has a 
mouth shaped like the hill of a duck : and palmiitocl feet. 

Illustration. — This is the most extraordinary of all the 
mammalia class: it exhibits the perfect rescinbliinee of tlie 
beak of a duck engrafted on the head of a quadruped. Tin* 
peculiai'ity of fts bill and webbed feet proves that it nuist be 
a resident iu watery situations: — that it has the halut of 
digging, or burrowing in the banks of rivers, or undei ground, 
and that its food consists of aquatic }>lants and animals. 

6. The animals of tlie order ferui liave, for tin* most 
part, six conical fore-teeth in each jaw : it contains ten 
genera, among which are the seal; the dog; the cat; 
the bear; the hedgehog, &c. 

7. This order consists of predacious animals, whose 
sharp, hooked claw's, and sharp fore-teeth, manifest their 
habits. They are all endowed with a keen sight, and 
have strength and agility combined to dart upon tlieir 
prey, and to retain it with a firm grasp. 

8. The phoca, or seal genus, is dirty and quarrelsome : 
the individuals are easily tamed : their skin and fat are 
aseful ; they inhabit and swim under water, and crawl 
on land with difficulty : feed on fish and marine pro- 
ductions, and swallow stones to prevent hunger, by dis- 
tending the stomach. 

9. The phoca-ursina inhabits Kamtschatka, New 
Zealand, and the adjacent islands: swims impetuously 
in large families; the old ones live by themselves and 
grow ffit : each has a particular stone for its bed, wdiich 
It never deserts ; the males fight fiercely in defence of 
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tJieir feftiales and stations : ivhen grieved they shed tears 
plentifully, 

10. The canis, or dog genus, is characterized as 
voracious, tearing what it^evours, swift in its course, but 
ciannot climb trees, because its claws are not retractile. 

Illustration. — Of all animals the most faithful is the 
(log ; he fawns at the a})pearance of his mnster, and defends 
him; he runs before him on his journey, and if tlie road di- 
vides, looks back ; he is docile, and seeks for what is lost, 
watchful by night, gives notice of t^ie approacli of strangers, 
and w'atches over what is committed to his care. He drives 
home rattle from the field; keeps them within bounds, and 
guards tl)(uu from wdd beasts. He points out game, and 
brings what is killed to hts master. lie is made to turn spits 
am I to dm w small carriages. He abhors beggars, bites strangers, 
licks v\()unds, howls at music, is liable to (bseases and mad- 
ness, and communicates the latter by biting. He has an ex- 
(juisite sense of smell. * 

The wolf, a species of the cams genus, bunts m pocks and 
destroys cattle; is vciy sus[ucious, being hardly heal'd in the 
woods; will not pass through a door, but leaps over the fence; 
dreads the sound of a trimipet: is exquisite in the sense of 
Muclling; jiatient of extreme hunger and cold; devours man, 
and even his own sjiecies. 

The jackal species prowl oy niglit in flocks of 2(K1 each ; 
they atta<‘k and feed on lesser animals : at the cry of one, all ^ 
witiiiii hearing howl liideously, and urge other beasts to hunt 
the stag, &e,, wliile tin; lion or tiger l\ing in wait, seizes the 
prey, and as the king (if the forest, satiKsfies his himger, leaving^ 
to the (a’ouehing jackal the remainder; hence the story of 
thcii^kal being the lion’s provider. 

1 1\ The fclis, or cat genus,* has retractile claw^s, and 
easily ediinbs trees : it is temperate in its habits ; very 
swift, and sees best by night. The lion and tiger are 
species of thti felis genus. 

Illustration, — Tlic lion inhabits Africa : it is sometimes 
found in the deserts of Persia, India, and Japan. It preys 
on liorscs and other large quadrupeds ; and, wdicn pressed by 
himger, on man. It is afraid of flame; is restrained by dogs; 
easily tamed when young: it roars horribly; sleeps in the 
sun ; eats eveif^ third day ; and its flesh is eaten by the Ame- 
ricans. The tiger inhabits the warmer parts of Asia, China, 
Japan, and India, lives in woods and thickets, near rivers. It 



natural history. 


37G 

is cuimiug, cruel, strong, (»f vast swiftness, infexSting^aml de- 
solating raim. Wl)cn tamed from his birtli will exercise his 
ferocity as soon as liberated; the male destroys its own ])ro- 
^ny; w'ill even attack a lion; it bounds from ambush unoii 
its prey, and is the most beautiM of w ild beasts. 

12. The animals of the glires order have two cutting 
fore-teeth in each jaw : their feet are formed for running 
and bonnding, and they live on the bark of trees, roots, 
vegetables, <Src., which they gnaw\ The beaver, guinea- 
pig, rats, mice, and hares, are of this order. 

Illustration. — (1.) The beaver inhabits the nortluTii 
parts of Europe, Asia, and Ameri<‘a: it feeds on the hark and 
leaves of trees: it walks slowly, swims dexterously, sleeps 
profoundly, is very cleanly, and conveys the food to its mouth 
with its fore-])aws; cuts down trees w'lth its teeth, er(*cts con- 
venient houses, lives in families, from which they dismiss such 
as are indolent, who become hermits. In the structure of its 
house it far exceeds the ingenuity of all other tjuadnipeds. 

(2.) The lemming is a species of the mouse genus, ami in- 
habits the mountains of Norway and Lapland: it feeds ou 
grass, and burrows under the snow in the winter ; before the 
anproacb of a bard frost it migrates in immense armies, and 
always in a straight line, rh icily by night, in spite of evert 
obstacle, even rivers and liouses. The lemmings destroy all 
vegetation in their progress and lav waste the eountiT through 
w’luch tliey jias.s. They will even attack man ; and in turn 
they themselves become the prey of biids, beasts, and many 
reptiles, so that few return in the spring to the mountains. 

13. Tlie animals of the pecora order have many 
cutting teeth in the lower jaw, hut none in tlie up/ier. 
They live on herbs, and clicw^ the cud; they hav'li'four 
stomachs; viz. the “ paunch,” to macerate and rumi- 
nate the food; the “bonnet,” to receive it: tlie 
“ oniasus,” of numerous folds, to digest it : and the 
“abomasus,” to give it acescency, and prevent putre- 
faction : the camel, the stag, the goat, the sheejj, and 
the ox, are of this order. 

Illustration. — (1.) The Arabian camel, or (lromcdaiy% 
inhabits the temperate deserts of Arabia, Asia, and Africa : in 
many places it is domesticated, and is mild and gentle. It 
is very useful in conveying heavy burdens over the dry sandy 
deserts, and wall carry 1,200 poumls weight. It moves slowly. 
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and cannot be forced l^cvond its accustomed pace, nor be 
made t(? carry more than its usual burden. It is patient of 
hunger and thirst, and will travel many da 5 ^s without water. 
It kneels down to he loaded or unloaded at the command of 
its keeper. The hair of the camel is very valuable, and the 
flesli and milk arc eaten %y the Arabians. The Bartrian 
camel is chiefly used by great men; th(;re is a breed of these 
in China, of such swiftness, that they arc chilled camels “ wth 
feet of wind.” 

(J.) Tlie ox genus inhabits various parts of the world; and 
the, several s])ecies are used for draught and burden ; and are 
likewise valuable for their flesh, nuTk, liides, and many do- 
mestic ])urposes. 'flicy are subject to a variolous disease, 
which may be communicated to the human race, and thereby, 
it is liojicd, jirevent future infection from the small-pox. The 
annuals of this genus arc infested by gad-flies, lice, and other 
insects: they are poisoned by yew, hemlock, aconite, and 
anemone. 

14. The animals of the bellum ordei have obtuse 
fore-tcetb and hoofed feet; llicir motion is heavy; for 
food, they gather vegetables. They are of great value 
to mankind, and are used for drauglit, burthen, and the 
saddle. They have the singular property of breathing 
only through the nostrils, and not through the mouth. 
Tlie horse, the hog, and the hippopotamus are of this 
order. 

Illustration. — (1.) Tlie horse is naturally timid, swift,* 
and vigilant. Horses in a state of nature move in flocks, 
having a leader before, with its ears thrown forwards, and a 
seiitimd behind w itli its ears bent backwards, to guard against 
siurnrisc both ways. The ass is a species of tne equus, or 
hofsC^eiius ; from the male ass and mare the mule is pro- 
duced ; and from the horse and female ass the hinny is pro- 
duced. From the skin growing on the back of the "ass, sha- 
green is manufactured. 

(2.) The hippopotamus inhabits the lakes of Abyssinia and 
Ethiopia : it feeds by night on vegetables and roots of trees. 
It frequently hi} s waste whole plantations of sugar-cane, rice, 
and other grain. It walks slowiy, but swims dext^ously, and 
walks under w'ater, but cannot remain long without rising to 
the surface for breath. 

15. Tlie animals of the cete order have fins instead of 
feet : the tail is horizontal and flattened : they have no 
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nostrils, biit instead of these a fistulous opening, in the 
upper part of tlic head; they feed on fish and inhabit 
the ocean. Tlie inonodon; baleena, or whale; physeter, 
and dolphin are the genera included in this order. 

Illustration. — ^These are arranged with the mammalia 
from their similarity of structun^ though their habits and 
manners are like those of fish. Their heart has two auricles 
and two ventricles : they have warm blood ; their lungs res- 
pire alternately : their eye-lids are moveable, ears hollow, ix?- 
ccdving sound tlirough the medium of the air, and they suckle 
their young. « 

QUESTIONS l*OR LY AM I NATION . 

1. What is the characteristic of the bruta order, tind v\Iiut 
animals does it include? 

2. What are the characteristics of the sloth? 

o. What is said of the rhinoceros ? 

4. What is tfie generic character of the elephant? 

Give some account of the lilustrauon. 

What is the platypus? 

Give the illustration. 

6. What are the characteristics of the animals of the fersc 
order? 

7. Of what does this order consist? 

8. W'hat is said of the seal ? 

, 9. What are the peculiarities of the phoca-ursina ? 

10. llow is the dog genus churocterized ? 

Give some account of the nlusinitioii. 

11. How is the cat genus distinguished? 

What is said of the !ion and tiger ' 

ly. How’ are the unimais of the glires order characterized J;.- 

Give an account of the beaver and lemming. 

13. 13y what characteristics are the animals of the j)ecora order 
distinguished^ 

W'bat IS said of the dromedary and ox ? 

14. How arc the animals of the bellinu order distinguished? 

What is said of the horse, mule, ike? 

What fa^ts are given with respect to the hippopotamus? 

15* How is the cete order characterized ? 

Why are they arranged with the mammalia? 
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LESSON THE FIFTH. 

AVES. 

• 

1 . The second class includes birds, and is denominated 
aves : it consists of animals having a body covered with 
feathers or down . Their jaws are protracted and naked ; 
they have two feet, and two wings formed for flight. 

2. The featliers of birds are convex above, and concave 
beneath; they vary in colour According to age, sex, 
season, or climate; their eggs arc various in number, 
size, and colour, but always covered with a calcareous 
shell, deposited in an artificial nest, and hatched by the 
genial warmth of the parent. 

3. Birds are mostly monogamous, or Jive in single 
[}airs; upon defect of food or warmth they migrate into 
milder climates; and some are supposed to become 
torpid in the winter. 

4. The generic characters are taken from the bill, 
tongue, nostrils, cere, caruncles, and other naked parts ; 
they are divided by Linnaeus into six orders. 

5. The first order, denominated ‘‘ accipitres,*' includes 
birds of prey; as vultures, eagles, liawks, owls, &c. 
Tlie birds of this order have an angular projection in* ' 
their upper mandible. 

Illustration. — The condor, a species of the vulture 
gcmis, 18 of a vast size, measuring with the wings extended, 
lVoV|\i2 to 16 feet; it builds under the iffojections of the 
highest rocks; lays two white eggs; preys on birds, kids, 
iambs, calves, and has been known to carry off children ten 
years of age. Two of thorn are said to he able to desti’oy and 
devour a cow; when passing near the ground it makes a tre- 
mendous noise. 

(h The second order, denominated picse,” or pies, 
contain all the birds of the crow and jay kind’, parrots, 
wood-peckers, kingfishers, &c. The bill of the birds of 
this order is compressed and convex. There are three 
divisions of^the order distinguished by their feet, as 
formed for perching, climbing, and walking. 
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7. The third order, called “ ahseres,’' or weh-footed 
birds, include the swan, goose, and duck trilxi; gulls, 
penguins, and many others. Tliey liave a bill broad at 
the tip, and covered with skin : the two divisions are 
distinguished by the bill, in scAne it is toothed, in others 
it is without teeth, 

8. The birds denominated “ grallee,’' or waders, make 
the fourth order, and are distinguished by a roundish 
bill and fleshy tongue : there are two families, viz.*those 
wdth three toes, and those with four toes. 

This order consists oi all tlie heron tribe, the curlews, 
and plovers, and others, which have leiigtliened legs, and 
which frequent watery situations. 

9. The fifth order is denominated “ gallina%’' or sucli 
birds as are more or less allied to the common domestic 
fowl. They have a convex bill, and the upper miuidiblt* 
is arched. This order includes the pheasant and par- 
tridge tribe, the peacock, turkey, and a variety of otlicr 
birds. 

Illustration. — The ])hensant tribe, in its nild iiiid m- 
tural state, is found in India : it is domesticated ev(*rs -w i 
and subject to innumerable varieties in colour and size. It 
feeds on grains and worms. The argus ])lieasant, so remark- 
able for size and beauty, is a native of Sumatra, and is eon- 
.siderecl as constituting one of the chief ornaments of European 
museums. In China there is a species of pheasant knoun to 
us only from the long tail feathers, which are sometimes 
brought over, and uhich arc six feet long: this bird has been 
thought to liave been noticed by Marco Polo, who speaks of 
]>heasants with tads measuring ten spans in length. ^ 

10. The sixth order is named passcres:’' the birds 

of thi.s order have conic and sharp-pointed bills. It 
comprises ])igeoiis, thrushes, larks, ftnclies, and small 
birds in general, cither with thick, or slender bills ; and 
it is separated into four distinct divisions: viz. those 
having thick bills: those having an uppers mandible 
somewhat hooked at the point; those with a notched 
upper mandible : and tliose wdth a straight, simple, and 
tapering bill. ^ 
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, QUESTlOlfs FOR EXAMINATION. 

1. Of what does the class aves consist? 

S, l^’hat IS said of the feathers and ©gfgs of birds ? 

,‘J. How do birds live? 

4. From what are the geiiiric characters of birds taken? 

Give some account of the condor. 

ii. What IS the first order of birds» and what does it include?, 
(j. What is the second order, and how is it distinguished? 

7. What IS said of the third order? 

B. 'How is the fourth order distinguished, and into what fami- 
lies are they divided? , 

V*. What is said of the order gallina^? 

AVhat is said of the pheasant? 

10. flow IS the sixth order characterized, and what does it 
comprise? 


LESSON THE SIXTH. • 

AMPHIBIA. FISHES. 

1. The third class of animals is denominated “am- 
phibia/* from their appearing; to live promiscuously on 
laud or in water. 

2 . This class is divided into two orders, viz. reptiles 
and serpents: and it includes tortoises, frog;s, lizards,^ 
and serpents, all of which possess a kind of voluntary 
power, by which they are able, at pleasure, to suspend 
tlieir respiration, so as to continue for a long time with- 
out breathing. 

o' '%[leptiles are characterized by breathing tlirough 
tlieir mouths; and by having feet, and flat naked ears: 
of this order are frogs, lizards, and tortoises. 

4. Serpents are distinguished as being without feet, 
but frequently armed with a deadly poison, contained 
in fangs resembling teeth. In cold and temperate 
climates they conceal themselves, in winter, in cavities 
beneath the surface of the ground, where they become 
torpid. 

/). Some gerpents are viviparous, as the rattle-snake, 
tlie viper, &c. ; but those w^hicli are innoxious are 
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oviparous, depositing thek: eggs fh a kind of ch?vin, in a 
warm situation, where they are afterwards hatched. . 

6. The broad laminse on the bellies of serpents are 
termed scuta, and the smaller, or divided ones beneatli 
the tail are called scales, and vTom these the genera are 
characterized. 

FISHES, 

7. The fourth class of animals includes all kinds of 
fishes, which are distinguished by the swiftness of their 
niolion, and the voraciousness of their appetites. 

8. Fishes breathe by ineaus of gills, and swim by 
fins; they are mostly covered with carlilaginous scales, 
and are furnislied wnth an air bladder, by the contraction 
and dilation of which they can raise or sink themscslves 
in the water at pleasure. 

9. They live on mucus, insects, worms, dead bodies, 
lesser fish, or sea-plants. 

10. The under, or belly fins, called ventral fins, are 
to be considered as analogous to the feet in quadrupeds, 
and from the situation, presence, or absence of these 
fins, the Linna'an division of fishes are instituted. 

11. There are five orders of fishes, viz. the a])odes; 
jugulares; thoracici, abdomiuales, and cartilaginous 
fishes. 

‘ 12. Fishes entirely destitute of fins, such as tiie eel, 
gymnotus, &c. are deriominated “ apodes," and are 
included in the Jirst order. 

Illustration. — ^T he fins are thus named, the pectoral, 
the ventral, the anal, the caudal, or tail; and the doj^l or 
back fins. 

13. The second order of fishes, denominated “ju- 
gulares,'’ have their belly or ventral fin placed more 
forv’ard than the pectoral or breast fin. 

14. The third order, called “ thoracici,” have their 
ventral fin immediately beneatli their breast fins. 

15. The “ abdominales,” or fourth order, have the 
ventral fins situated behind the pectoral fins. 

16. Fifth order includes cartilaginous fish, which 
were separated into two orders by Linnmus, viz. the 
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branchiostegous, or fltehcs that have gills without bony 
rays, and the cliondropterig^ious, or those that have 
cartilaginous gills, the sucker belongs to the former, and 
the squalus, or shark to the latter. 

Illustration. — (1.) TRe cyclopteri inhabit the sea, feed 
on w orms, insects, and the fry of other fish, and are furnished 
beneath the ventral tins with an oval aperture of a muscular 
substance, and edged with small threaded ap[>endage$, by 
means of which they have the power of adhering so hrmly to 
the rocks, as to be moved by scarcely a less force than would 
destroy them. • 

{'J.) Slnuks ai-e inhabitants of the sea; they give a lumi- 
nous a]jpearance at night : some of them grow so large as to 
u'cigh two t)r three thousand pounds : fi*om the liver is ex- 
tracted much oil: the skin is used for pohshing wood, ivory, 
ikv. They arc mostly solitary, devouring whatever comes in 
their way ; tluiy bring forth tlieir young alive, each enclosed 
in a scpiare, pellucid, horny case, ternunateil at tjie fom* corners 
by very loii^ slemler filaments, which are generally tu isted 
round corallines, sea- weed, or other fixed substances. 

QUESTIONS FOR EXAMINATION. 

J. What is the third class of animals called, and from what do 
they derive their name? 

ii. flow' IS this class divided, and w hat does it include? 

.‘k 11 ow' are reptiles characterized? 

4. How are serpents distinguished? 

,y. How are the venomous ones distinguished from those that 
are innoxious * 

<>. Which arc the scuta and scales? 

7. What does the fourth class include? 
are fishes described? 

9, On what do they live? 

10. How are the Liumean divisions of 6shes instituted? 

1 1. What are the live orders of fishes? 

12. How IS the first order distinguished? 

13. What is the characteristic of the second order;? 

14. How are the fins situated in the third order? 

15. How are the fins situated in the abdominales? 

16. What does the fifth order include t 

Give the illustration. 
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LESSON THE SEVENTH. 

INSECTS. 

1 . The fifth class in tlie Linutean system consists of 

insects, which are small animals furnished with several 
feet, and which breathe by a kind of spiracles, or breatli- 
ing holes, distributed in a row on each side of tJie ab- 
domen: the head is furnished with a pair of antenna*, 
or liorns. * 

2. Insects have generally four, sometimes two or six, 
feelers affixed to the mouth : tlie mouth is usually placed 
beneath the head : they Itave two or four wings : the 
upper ones are often crustaceous shells, covering the 
lower ; their legs consist of three divisions. 

3. The sexjjs of insects are male, feinah*, and neutei : 
the latter are devoted to labour for those of the more 
perfect sex. 

4. Most insects underi;:o a triple metamorphosis, c * 
transformation, eftected by casting off the rliftcrent coats 
or coverint^s in which the perfect insect is enclosed, 

5 . The first state in which insects appear is tliat of an 

egg: from the egg is produced the ‘‘ larva,” grub, or 
.caterpillar, without wings, slow in its motion , sometimes 
with many feet, and sometimes with none; from this 
state it passes into that of the “ pupa,” chrysalis, or 
nymph, and escaping from this it becomes a “ perfect 
insect.” ^ 

Illustration. — The eggs are usually deposited beneath 
the surface of some clod, and the larva, when first hatched, is 
not more than the eighth of an inch in length, graduallv 
advancing in growth, and changing its skin till it arrives at 
the icngtli of nearly two inches ; it now' prepares for the change 
into a chrysalis, or pupa, selecting for the purpose sonic small 
clod of earth, in which it make.s a houstj, and, after u certain 
time, throws off the last skin, and appears a pupa; in this it 
continues till the succeeding summer, when the beetle emerges 
from its retirement, commits its <lepredatious, and deposits 
its eggs in a favourable situation, and having s(? done it soon 
dies. The larva of the beetle tribe is eagerly sought for b) 
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’‘hogs, pqjiltrj^ &c. but if^it appear in very considerable quan- 
titie*^ in the autumn, it is said to prognosticate an epidemic 
disorder. The Scarahteus auratiis, or golden beetle, is a species 
of great beauty. 

6. Insects are the leasts of the animal creation, and 
excepting aquatic ones, as the lobster, &c. and a few 
others, they are annual, that is, finish their term of 
existence in the space of a year or less. 

7. Insects arc said to inhabit those plants on which 
they feed, and they often take their trivial names from 
their habitations. 

Illustration. — In the genus curculio we have the nut 
weevil, a small brown insect, with an extremely long and 
slender snout. This insect is the parent of the maggot in the 
hazel nut. In August the female insect perforates tlio rind of 
the nut, and deposits her egg, and i^heu the kernel is almost 
ripe, the egg is luitched, imd the maggot feas|s on the food 
ready prtqiared for it. By the time" it is fully grown the 
natural fall of the nut takes place, and the animal creep., out, 
burrows under ground, where, after a Ci rtnin time it casts its 
sk .. 1 . and commences ])u})a or chrysalis. In this state it remains 
all winter, till the following August, when it emerges from its 
f nccalracnt, and appears in its (‘omplete form. 

8. Insects are divided into seven orders : the first con- 
tains all the insects of the beetle tribe, or such as have 
strong horny sheaths, or covers to tln*ir wnngs: this order 
is called “ coleoptcra,” or sheath-w'inged insects. All 
beetles are of this order. 

Illustration. — The coleopterous insects form a very 
e\teif5^i^* order, and each genus is distinguislied by some lead- 
ing parTieulanty of ujipearonce. In the mdiAuduals of the 
order the real or projier wings arc of a membranaceous nature, 
and when not ni use. are curiously folded up under the 
exterior strong or horny sheaths. 

9. The second division or order of insects is deno- 
minated liemiptera,” or half- w inged, because the upper 
part of ihe wing sheaths, in tins tribe, is of a leathery 
texture, and the lower part membranaceous. Locusts, 
grasshoppers, cicadm, lantern flies, &c. are of this order. 

10. The thii'd order is denominated ‘‘ lepidoptera,” 
or scaly winged; it consists of the insects commonly 
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termed butterflies and moths. ^Thc powder, on the 
wings is found to consist of minute scales of various 
shapes and sizes : tliese are disp<.>8etl in the manner of 
slates on the roof of a buiiding, lapping over each other. 

11. The fourth order is denominated “ neuroptera/’ 
or nerve- winged, on account of the reticulated appear- 
ance of the wings. This order includes dragon-flies, 

The insects of this division have always four wings. 

Illustration. — ^The hbellula, or dragon-Hy, is an ex- 
tremely ravenous inscetj and is usually seen hovering over 
stagnant waters : the larvae are six footed, very active, and 
inhabitants of the water, they prey viith the most rapacious 
ferocity upou aquatic insects and the larva; of others: the 
pupa resembles the larva, but has the rmhments of wings. 

12. The “ hymenoptera,’' or fiflli order, consists of 
insects with four inembrdnaceous w ings, and a sting, or 
a process re&mbliug om?. Bees, wasjis, <fec. are of this 
order. 

13. The sixth order is denominated diptera,’' and 
contains such insects as are furnished with two wings 
only : such are flies jiroperly so called, gnats, and a great 
variety of other iiusects. 

14. The seventii order is called aptera,” and con- 
sists of ins»!Cts that are totally destitute of wings, as 
spiders, scor[)ious, centipedes, crabs, lobsters, fleas, 
mites, &o. 

Observations. — ( i ) Some of the coleopterous insects arc 
destitute of wings, and yet are not of tlie apterous order. 

(2.) In some species of insects one sex is \viugcil,,^nd tlic 
other aptc»’ous, as in the case of some of the moth tribe : in 
the Ifunpyris noctiluca, or glow-worm, the female is apterous, 
or w ithout wings, and emits a beautiful ]>liosphoric light, for 
the }mrpc)se of attracting the male, which is wdngcd, and of 
the order coleoptera. The aphides in the order hemiptera 
are some of them winged, and some wingless. 

gUESTJONS FOR EXAMINATION. 

1. Of what does the fifth class m the Lmnsean system consist^ 

2 * How are insects described? 

3. What IS said of the sexes of insects? ' 

4. What kind of metamorphosis do insects undergo? 



NATURAL HISTORY. 


387 


5. I'^oug:b what states or stages do insects pass? 

6. Which are the least subjects in the annual creation? 

7. What is said of the habitations of insects? 

Give the illustration. 

B. Into how many orders insects divided, and what is the 
first order? 

How is this subject illustrated? 

9. VVhat is the second order, and how is it described? 

10. What is the third order, and of whut does it consist‘d 

11. How is the j\ntrth order denominated, and what does it 
include? 

Give the illustration. • 

1 2. Of what does the jifth order consist, and what is it called ' 
ItH. What is the sixth order, and why is it so named? 

14. Of what does the seventh order consist, and wdiat is its name’ 
What observations are made on this class of animals? 


LESSON THE EIGHTH. • 

VEllMES, INCXUDIKG CONCHOLOGY. 

1 . The sixth class in the Linnaean system is denomi- 
nated “ vermes.'’ It includes not only worms, but those 
animals which have the general character of being slow 
in motion, of a soft substance, extremely tenacious of 
life, capable of re-producing such parts of their bodies 
as may have been taken away or destroyed, and inhabit- 
ing moist places. 

2. This class is divided into five orders, and they are 
principally distinguished by their tentacula or feelers. 
Tliey'^^^e generally considered as the lowest scale of ani- 
mated nature. 

3. Most of* the animals in this class are imperfect 
when compared to quadrupeds, posse.ssing neither eyes, 
ears, head, nor feet. Many of them, as the corals and 
corallines, approach to the vegetable tribe, and some of 
them resemble, at least in their coverings, productions 
in the mineral kingdom. 

4. The Jirst order of the class vermes is denominated 
intestina,” of which some of the individuals live with- 
in other aiumals; some in the waters, and a few in the 
earth. 
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Illustration. — The ascarides” inhabit the intestines 
of the human body: the “gordius” perforates clay to give a 
passage to springs, and the “ lumbricus,** or earth-worm, j>er- 
forates the common soil, wliich it renders fit to receive rain. 
It is the food of moles, hedgcho^^s, and various birds. 

5. The second order is denominated inollusca:” the 
animals of this order are naked, furnished with tenta- 
cula, or arms, of which the limax or slug is a good illus- 
tration. 

Illustration. (1.)— rThe animals of the mollusca order 
are exceedingly luimtTous ; many of them arc lubabitants of 
the sea, and serve as food to thousands of the more useful and 
important species of fish. Some of them emit a ]ihospliores- 
cent light, like the glow-worm, and, witli other living insects 
give u beautil’nl brilliancy to the sea. The starfish arc of this 
order. 

(2.) The cutth^ fish, also of this order, possess the power of 
expelling a black fiuid in considerable quantities, so as t(> dis- 
colour tlie water, to favour their escape when pressed bard by 
an enemy. This liquor was used as ink by the ancients; and 
is said to bo the basis of modem Indian or Chinese ink. The 
bone in the back is converted into powder, and is used as 
pounce for paper, and as an excellent ejeanser, ami jn-eserva- 
tive for the teeth. 

6. The third order is named testacoa:” tlu se arc 
niolluscoe covered with calcareous shells whleli ihey eavry 
about with them; of this order is the common garden 
snail, or “ helix hortensis/' 

7. The study (d* this branch of natural liistory is de- 
nominated Concholoijy. Tlicre are more than a tliou- 
sand species of shells, some of which, on account^f their 
beauty and rarity, bear a very high price. 

8. Shells arc separated into three divisions, the rnul- 
tivaive, bivalve, and univalve, according as the shells 
consist of many parts : two parts, or of a single piece, 

9. ^rhe multivalve consists of many plates or shells 
connected in some species, like the different parts of a 
coat of mail. 

The barnacle, consisting of several small shells at the 
hinge of two large shells, is in this divisiQu. 

10. Bivalves consist of two shells, connected by a 
hinge, as the cockle, muscle, oyster, scallop, &c. 
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Illustration. — Oysters and muscles are found in beds, 
and may be improved by artificial management. They deposit 
tlieir sj>avvu, a jelly-like substance, which adheres to stones, 
and is soon covered with a shell. 

Pcfirls are sometimes foftnd in oysters and in muscles. 
These are Uttle calcareous concretions, fonned of the same 
hqiud, secreted by the animal, of which the inner surface of 
the shell is composed, and seem to be the effect of accidental 
injury. When the internal siurface of the shell is abraded, 
the pearly excresence is formed to rcpaii* the injury. Hence 
the Chinese have learnt to increase ^he number of pearls, by 
catching the muscles, perforating the shells, and abrading the 
inner surface; tliey then replace the muscles in the water, 
and after a certain time fish up the same again, ami upon 
opening them discover pearls attached to the point of the wire 
with which the shell was abraded. 

11. Tlie univulves comprehend those that have a 
regular spire, which is a most numerous diRdsioii, inclu- 
ding the snail, periwinkle, &c. ; also the gowrie, a heau- 
tjful spotted shell very common as an ornament on 
chiiiinev-pieces: and those without a regular spire. 

Illustration. — The substance of the shells of this order 
of animals, when chemically examined, is found to be a mild 
calcareous earth, deposited in a mass of net-work composed 
of auiiiial matter. Every part is secreted by the animal it- 
self: tlie uhole surface of the animal being concerned in the 
furniation of the shell. The shining matter left in the tracks 
of snails, is that very substance, uliich when deposited in 
strata one above anotlier, hardens by exposure to the air, and 
forms a shell. 

1 2. "ilic fourth order is named “ zoopliyla the animals 
of this order arc composite, holding a place between 
animals and vegetables. Most of them take root and 
glow up into stems, multiplying life in their branches, 
and deiMduous buds, and in the transformation of their 
animated blossoms or polypes, which are endowed with 
spontaneous motion. 

Illustration. — Sponge is an animal production and of 
this order; every minute pore on the surface of a perfect piece 
of sponge w'a%^he orifice through which a |>olypus-kind of 
animal extended his feelers in search of food. Sponge, when 
first fished up from the sea, is gelatinous, or a ghie-hke sub- 
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stance, imi] requires repeated washing in fresh water ^before it 
is fit for the several purposes to which it is aj)plietl- 

13. Plants resemble zoo])hytes, but are dostitute of 
animation and locomotion: ^^oophytes are plants, but 
furnished with sensation, and the organs of spontiineous 
motioti. 

14. Of the order zoophyta, some are soft and naked, 
and are called “ zoophytes;” others are covered with a 
hard shell, and are demominated “ lithophytes.” 

Illustration. — Large beds or rf)rks composed of the 
animal productions of this division are formed at the bottom 
of the sea. They derive their nutriment from iiise(‘ts, and 
from the saline and other matters in the sea. Tlicse, in their 
turn, arc tlie origin of many of tlie chalk-beds, calcareous 
rocks, lime-stoiies, and other mineral articles. 

15. The order of the class vermes is called in- 
fusoria,” whicli are extremely minute animalcub>, des- 
titute of feelers, and generally invisible to the naked eye. 
They are chiefly found in infusions of various vegetable 
substances. 

Illustration. — The vorticella is found in most stagnant 
and impure water, and is knonn by its constant rotatory 
motion. Rain water collected in cisterns of almo^t any kind, 
and kept for some time, contains myriads of them. 

The hydra, or h'esli wat<r ]^olypus, another animalcule of 
this order, is found in almost ever> pool of water. It resembles 
a hollow tube .attached by its smallest ('xtremib to some stone, 
stick, leaf, &c. in the water, and furnished with feelers nt the 
other extremity, wliich it can extend in search of food. The 
young ones appear a.s excrescences, on the surfaci^Tof the 
parent, and in time stretch out like branches, and each be- 
comes *i (hstinct animal. The polypus is projiagatcd by di\i- 
sion, for being cut in pieces, in every direction, each fiiotic 
will in a veiy^ short time produce a perfect animal. This mode 
of production forms an cxam])le of the gradations made by 
nature in st(;ppiiig from the animal to the vegetable world. 

QUE.STIONS FOR EXAMINATION. 

1. What is the sixth class in the Linniean system, and what 
does it include ? 

a. How IS this class divided? 
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3. What is said witfi regard to the imperfections of these 
animals f 

4. What is the^rst order of these animals, and where do they 
inhabit? 

Give the illustration? ^ 

5. How is the :>ecmid order characterised? 

Are the animals of the mollusca order very numerous, and 
what is said of them? 

What IS said of the cuttle fish? 

6. What IS the thiid order? 

7. To what study does the order teatacea give rise? 

8. How are shells separated? • 

9. Of what do the multivalves consist ? 

10. What are bivalves I 

What is said of oysters and muscles? 

In what are pearls found, and how are they formed? 

11. What do univalves comprehend? 

What is said of the substance of shells? 

12. Wliat is the f mirth order of the class veni|BS, and what is 
said of the animals comprehended in it? 

Whttt is said of sponge? 

13. In what respects do plants and zoophytes resemble one 
another? 

14. How are the zoophyta distinguished ' 

What is said in illustration? 

15. What is the Jifth order called, and how is it described? 
Where is the vorticella found? 

What is said of the hydra, or the fresh water polypus? 


ANATOMY AND PHYSIOLOGY. 

% 

ON THE CIRCULATION OF THE BLOOD. 

Tlie blood, the fountain -whence the spirits flow ; 

Tlie gen'rous stream that waters ev’ry part ; 

And motion, vigour, and warm life conveys 
To ev’ry particle that moves and lives.” — Jrnuirong, 

In the materials of the human frame 

"What num'rous wonders might we quickly name : 

Let It sufiicc that I describe a few 
And treat the student with a brief review. 

Physiology is the doctrine of the constitution of the works 
of nature. By this definition, physiology must necessarily 
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Tiave for its object, the explanation of that internal qrganical 
economy in plants or animals, which nature has t3evisc<l for 
the ])resen'ation of the individual, and for the continuance 
and propagation of the species. It is divided into the parti- 
cular and general. The particuljjr, which treats of the pro- 
})erties of the individual or sj)ecics, coustitutes the science of 
Anatomy, and the general, treats of those ])roperties and 
functions which belong in common to all living bodies. 

Attending minutely to a living body, winch has already 
escaped from the seed, we may observe, tliat, in order to live, 
it must be allowed the free use of air, as ap[)lied to the organs 
of 7'espirafi(m. Tliat in drder to grow, it must likewise have 
a supply of food; and which, on being rcci'ived into the 
system, is prepared by digestion: taken up by absorption; 
distributed by circulation ; assimilated by nutrition ; and tin; 
whole carried on by incan.s of secretion. We ag.-iin perceive, 
that these functions are all de|H;iident on a general principle, 
irritafnlity : by which the system is rendered by stimulation 
susceptible of notirm; accommodates itself to dilferent cir- 
(‘urnstanccs by means of habit; alters its sha])e by successive 
transformations ; produces the species by generation ; and, 
after many a languid affection from sleep, is at last subjected 
to the general fate of all Ixxbes, Death. These arc considered 
to be the general properties of living bodies. 

Tlie contemplations of the student arc now directeil in this 
the last division of our work to the Human Fabric; and 
here the science of Anatomy, analyzed in the succeeding 
‘lessons, discovers tons ten thousand wonders and beauties 
wLich the narrow' limits proscribed to these introductory es- 
says preclude me from mentioning : indeed, it w ould not he 
possible, ill a performance of this kind, to exjilaiii aderjuately 
the geometrical and nccbaiiical aceuriiey with wdiich the 
Author of Nature has constructed every part of tli^grbody^ 
to carry on the animal economy, and answ^er the various pur- 
poses of life. All that I can propose to perform in this short 
essay, is by brieflv touching upon the nature and wonders of 
the phenomenon 1 shad attempt to elucidate, the circulation qf 
the blood, to aid the intentions and forward tlie purposes of 
the author, and to give the student some little insight into 
the matter, as an indueement for him to study the principles 
and propositions of the following lessons with attention, and 
to set apart a portion of his leisure time for the purpose of 
acquiring a further acquaintance with anatomy. 

Though it is common to talk familiarly of the circulation 
of the blood, yet perhaps very few are acquainted with it : 
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1 shall therefore approfSi-iate this introduction to the purpose 
of a brtef, though I hope an intelligible, description of the 
manner in v\hich the circulation is performed. This impor- 
tant secret was brought to light by William Haiivey, an 
English j)hysician, a little before the year 1600 : and when 
it is considered thorougliiy, it will apjiear to be one of the 
most stiij)cndous works of matchless skill. 

To form a distinct judgment of the mechanism and impor- 
tance of tht! eireulation, it will be necessary to describe the 
structure of the arteries, veins, and nerves j and take notice 
of some ex})cnnients made upon them; and then must be 
consider(‘(l tlie cavities of the heart, by means of which the 
blood is propelled through the body. To these I now proceed. 

The arteries are lilood -vessels consisting of a close texture 
of strong lilastic fibre.s, woven in various webs, laid in ditferent 
directions, and interspersed with an infinity of delicate nen^es, 
veins, and muscular arteries. They are divided and sub- 
divided into numberless branches and ramifications, that be- 
come' smaller and smaller as they recede from^he heart, until 
at last tlmir extremities are found much more sleiuL-^ than 
the hairs of our heails, (and are therefore called capillary 
arteries,) wdiich either unite m continued pipes with the be- 
girnmigs of the veins, or terminate in small reecptaclcs, from 
whieh the veins derive their origin. The arteries have no 
valves, hut only have their tninks springing from the heart ; 
they throb ami beat pcr])etiially whilst life remains ; their 
extreunties differing in the thickness of their coats and some 
other particulars, according to the nature of the path which, 
they pervade. All the arteries in the lungs (excejit the small 
oiu's tliat eiMivey' nourishment to them) are derived from the 
great pulnioiiary artery, which issues from the right ventricle 
of the heart. And all the arteries in the rest of the body 
proceed from the aorta, (which obtained this name, because 
the ail^ients thonglit it contained air only,) whose trunk 
springs from the left ventricle of the heart. 

The veins resemble the arteries in their figure and distri- 
bution ; but their cavities are larger, and their branches, per- 
haps, more numerous. Their coats are much weaker and 
more slender than those of the arteries. They are furnished 
with several valves, eontrived m such a manner as to permit 
the blood to pass freely from the smaller into the larger 
branches, but to stoj» its retrogression. Tliey neither throb 
nor beat. Their beginnings form continued pipes wdth the 
extremitic?' of^the arteries, or arise from some gland or re- 
ceptacle where the arteries terminate. All the veins m the 



INTRODUCTION TO 


lungs, from their capillarj' beginnings growing still larger, 
unite at last and discharge their blood into the left auricle of 
the heart ; and all those in the rest of the body empty them- • 
selves in like manner into th<‘ vena cava, which opens into 
the right auricle of the heart. 

The nerves deduce their origilf * from the lirain, or its ap- 
pendages, in several pairs of a cyhndric fonn, (like so many 
skeins of thread with tlwnr res|)ective sheaths,) which in their 
progress decrease by endless divisions and subjhvisions, until 
at last they spread themselves into a texture of filaments, so 
slender, and so closely interwoven with each other over the 
whole body, that the point of a needle can hardly he put u|)on 
any part of it, without tou(;hing the delicate branch of some 
nerve. 

It has been found by many trials, that when an artcr}- is 
laid bare, and a ligature made upon it, if it be opened w ith a 
lancet between the ligature, and the heart, the blood will rtisli 
out with great violence j and a rapid jerking stream will con- 
tinue (if not sfppped by ail,) until through loss of blood the 
animal faints or dies. But if the same artery be openeil be- 
twxieri the ligature and extremities, a few drops only will ooze 
out from the wounded coats. 

On the other hand, when a vein is laid bare, and a ligature 
made upon it, if it be opened between the ligature ami the 
extremities, the blood will gush out, as see m amimon 
venesection. But, if the ^amc veiii he opened between tin; 
binding and the heart, no blood mil apjiear. From these cx- 
• periments it is obvious to the slightest attention, that the 
b?ood flows from the heart, through the arteries, to the ex- 
treme parts of the body; and returns again through the veins 
to the heart. 

For the regular performance and continuation of this mo- 
tion of the blood through all the different parts of the body, 
the heart, which is the primum mobile^ giving the ffTst im- 
pulse, is furnished with four distinct muscular cavities, that 
us, with an amricle and a ventricle on the riglit side, and an 
auricle and a ventricle on the left. Through these cavities, 
curiously adapted to their respective offices, the blooil circu- 
lates in the following order : it is received from the veins, 
first into the right auricle, which, contracting itself, pushes 
the blood into tlu? right ventricle at that instant dilated. The 
moment this ventricle is filled it contracts itself with great 
force, and impels the blood into the pulmonary artery, which 
passing through the hmgs, and returning by J,hc pidmonary 
veins, is received into the left auricle of the lieart, and from 
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thence is pushed into the left ventricle ; which being thus 
tilled, contracts itself, and drives the blood with great rapidity 
to all the ])arts of the body, and from them it returns again 
through the \ eiiis into the right auricle of the heart, as before. 

It is very remarkable, tlui^v^e have here a double circula- 
tion : one, from the right ventricle, through the lungs, to the 
left auricle ol’ tlu; lieart, in ordi‘r to eonveit the chyle into 
blood, and linallv to prepare it for the nourishment of the 
animal; the other, from the Mt \en\nv\kt, through the whole 
body, to the right auricle of tlic heart, whieh serves to supply 
that noiirishmeiit- to every part, besides various other purposes. 

But to ju'oeeed, of these four muscular cavities, the two 
auricles are eoiitracled at the same instant, while the two 
V'cntricles are dilated; the ventrichis m their turn are con- 
tracting tluMiiselvcs at tlie ver\ instant that the auricles are 
ililating. The arteries, in like manner, beat in alternate time 
with tlie%entrich\s oi“ the heart. ' 

The nerves, as well avS the vidns and arteries, act their part in 
tins rotation oi‘ the blood; for if the eighth paft of the nerves 
wiiieli proeeeil from the, lu’aiii to the lieart be bound up, the 
motion of the heart immediately languishes, and soon ceases 
entirely. 

Tims we have a species of perpetual jnotion, which none 
but a Being of mtiiiite wis<h>m and power could produce; yet 
whose eoiitinuation reijuires the constant aid tif the same 
liund that tirst gave it existence. The brain transmits animal 
* sjnrits to the lieart, to give it a vigorous contraction. The 
heart, at the same time, pushes the Idood into the brain to ‘ 
sujiply it with new spirits : by which means the head and the 
lieart give a continual and mutual support to ejich other. 
But this IS not all; the action of thi‘ heart sends the blood 
and other vital humours over the wliole body by the arteries, 
and dia^ibutes iiourisluueiit and vigour to every part, (while, 
perhaps, the animal spirits from the extremities of the nerves 
return again into the blood,) and the whole refluent mass is 
conveyed hack through tlie veins into the heart, which enables 
it, without lutcrimssion, to persist in rolling this tide of life. 
But here it must not be supposed that the arteries pass on to 
the extremities of the limbs, before they communicate with 
the returning veins : for upon this supposition, after an am- 
putation has hceii performed, whatever blood might be brought 
to the stunij) by tiie urtei ii-s, it is certain, none of it could 
be earned back ‘again to the heai*t : because the intercourse 
between the lArt and the limbs would, in this case, be en- 
tirely cut off. But the all-wise Author of our being has 
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provided for this exigency, by forming a great nnmb^ of less 
braiurbes from the larger arteries, wliicb constantly commu- 
nicate with corresponding branches of the retuniiiig veins. 
And hence, it is easy to conceive hou the circulation is car- 
ried on after amputsitiou has bcoft performed. 

With respect to the velocity oi the circulating blocid, and 
the time in which the whole quantity thereof has undergone 
a complete circulation; although several amputations have 
been iiiade, the matter is not decisively settled. Dr. Irwin, 
Dr. Keill, and M. llrtmde, have most distinguished them- 
selves in (‘iiquiriesof this nature; hut they are far from agree- 
ing in their conclusions.* The substance of the calcnlationK 
and experiments of the two former may bv* seen in Dr. Rees’s 
improved edition of Chamber’s CvchqxiMlia : ami of that of 
tlie latter, in a treatise W’ritteu expressly iqion the subject. 

In conclusion, from what little has been advanced in this 
short essay, the unprejudiced young student will 1 #ust had 
a striking display of the wisdom and goodness of oiir Almighty 
Creator. To t^iose w ho hold to the negation of siieh a Being, 
1 scarcely know what to say; for they who live, move, think, 
and act, must he left without excuse, if they dcu\ or iov^vt 
God, or refuse to honour or be thankful to Him. Those 
who withstand the evidence of the w^orks of nature, when 
properly observed, are not likely to be convinced by rational 
deductions ; but will probably continue infidels, (unless their 
heai'ts be chaiig<‘d by Divine grace,) until they are eoin'ineeil 
of their fatal mistake, by experiencing the indiignatioii of that 
'Almighty Being whose existence they have so impiously 
denied. 

But this I sinccroly hope will not he the case with any of 
the youthful })eruscis of this small volume, llowevi'r, in 
this sceptical and latituuinurian age, w hen every part of ilivine 
truth is questioned, opposed, and alas ! too frequeutlyjl^iolden 
in derision, ic becomes us to be w'aiy; and not only so, but to 
join in a general endeavour to jiersuade those who are de- 
viating from the true path speedily to return thereto. 


LESSON THE FIRST. 

THE BONES. 

1 , Anatomy is a science which explains tlie structure, 
disposition, and use of every part of the lu^iiian body. 

2. The human body consists of solids and fluids. 
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The solids consist of bones, muscles, vessels as channels 
for the various fluids, nerves, and viscera. 

3. The BONES are the most compact and solid parts 
of the body, and serve for the attachment and support 
of all tlie other parts. ^ 

4. The bones are firm, hard, and perfectly insensible; 
liiey arc divided into the long and cylindrical, and 
the flat. 

5. There are 248 separate bones in the human Iwdy, 
which when connected w^ith wir^s, &c. make up the 
artificial ^ke1eton. 

(I. There are eight separate bones in the skull^ that 
serve as a sort of vault in which the brain is enclosed. 

7. The vertebra* of the neck, s() called from the ease 
with which they move, are separated from one another 
by an elastic substance. They support the head, wliich 
is by their means readily moved up and down, and 
t.urued round on either side as far as is necessary 

8. The principal bones in the trunk are the hreast- 
hone, to which the seven true, and five false ribs are 
lastened : the spine which extends from the skull to the 
e.nd rjf the loins and serves to lodge and defend the 
s]Mnal marrow : the pelvis intended to support the ab- 
tloineu, and the thorax reaching from the neck to the 
end of the breast-bone, which serves as a chest, or place 
f)l' safety, for the heart, lungs, &c. 

QUESTIONS FOR EXAMINATION. 

1. \V4at is meant by tlie term anatomy? 

2. Of what does the human body consist ? 

IIow are tlie hones and tlieir uses described ? 

4. Into what classes are they divided ? 

# .■>. How many bones are there in the human body? 

6. IIow many bones are there in the human skull, and for what 

do they serve ? , 

7. VVhat is said of the vertebra? of the neck '* 

fi. Which are the principal bones of tlie trunk, and what are 
their uses ? 
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LESSON THE SECOND. 

THE MUSCLES, AIITEIUES, VEINS, AND CIRCULATION OF 
THE I1lT)OU. 

1. The muscles constitute the flesh; they are sus- 
ceptible oT contraction and relavaticm, and are with the 
help of the tendons, the instruineiits of animal motion. 

2. Th(' muscles arc cither 2'oltfnta7'f/ or involuntary . 
The motions of the former are subjed to tlie wall, as in 
the case of the arms, &-o. tVc. 

3. The heart is a hollovv muscle, and that, as well as 
the stomach, intestines, act upon their contents by 
means of muscular fibres; but they arc (ailed involun- 
tary muscles, bcicausc their motions do not depend on 
the will. ^ 

4. Each lariLi’tj limsclc consists of two jnirts, vi/. the 
belly, which is tlie active part, and its cord-hke extre- 
mities (’ailed tomdons. The muscles art^ fastem’d to the 
bones by the tendons, and they perform their action by 
contracting both ends towards the et'otre. 

5. The red colour which distinguishes the muscular 
or fleshy parts of animals is owing to the vast number of 

^ blood-vessels, tliat are dispersed ihrough lljt’ir substance. 

6. Tlie nerves are long, white, inedullary coids that 
originate in the bruin ami *^pinal marrow, and server lor 
se.nsation. Sensibility ^ tlicrefbre, depends on the nerves : 
motion^ on the muscles. 

7. The nerves conduce to all the enjoymerfe and 

sufferings of life, and to the intellectual faculties of man ; 
the muscles are the chief support of animal life, and tlic 
source of all the bodily powers. ^ 

3. Th(i heart is the principal organ of life : it con- 
tains four (cavities for receiving the blood, aiid giving it 
a fresh impulse through the arteries. 

9. The arteries originate in the heart, and through 
them tlie blood is carried from the heart to every part 
of the body, for the preservation of life, ageneration of 
heat, nutrition, and the secretion of the different fluids. 
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10. The pulse felt at the wrist, temples, and various 
parts of the body, is occasioned by the reciprocal action 
of the heart and arteries, when the blood is driven from 
the heart into the arterie^o be distributed through the 
whole body. 

1 1 . The arteries terminate in small, and to the naked 
eye, invisible veins, which bring back the blood from 
the extremities to the heart. 

12. All the veins originate at the extremities of the 
arteries; they continually increalie in size as they ap- 
proach the heart : they (lo not pulsate, but the bloOd 
which they receive from the arteries they carry back 
with a slow motion, and it is prevented from returning 
by valves, of which there are a great number. 

M, The double circulation oT the blood is this : one 
from the heart to the lungs, for the }>urpo|e of receiving 
oxygen Irum the air : the other over' all the parts of the 
body, to givT out its nutritive and vital properties to the 
vdiole mad line. 

(^'unsTioKs roil i.xamination. 

1. What are the* muscles, and what are their use ? 

2. tlow are they classed? 

;3. W'liat are the iiivtduutary muscles, and how do they act ' 

Of what do the muBcles cuusist, and by what, and how dc 
they perform their motions ' 

b. To what the red colour of the muscles owing ? 

6. Whai are the nerves, and for what do they serve? 

7. rtkw are the nerves and muscles described ? 

8. W'hat IS the heart and its uses? 

9. What purposes do the arteries serve ? 

10. How is the pulse occasioned f 

• 11. How do the arteries terminate? 

12. Give a description of the veins. 

13. Explain the double circulation of the blood. 
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LESSON THE THIRD. 

THE BUAIN AND THE NERVES. 

1 . The brain, which is a small pulpy mass of a whitish 
colour, occupies all that cavity whicli is formed by the 
eight !)ones of the skull. 

2. The spinal marrow is a continuation of the brain, 
wliich passes out of an opening in the skull, and runs 
down tile canal of the back-bone, giving out nerves in 
its passage. 

.'3. All the nerves run out in pairs, but they soon se- 
parate, and spread over the whole body. 

4. The brain and nerves constitute entire the organs 
of feeling anQ sensation, the other parts of the body 
being of themselves incapable of feeling. 

5. All excitement to action, produced by the will, 
proceeds from the brain and spinal marrow, through the 
medium of the nerves. 

6. The nerves are the organs; the brain, the recep- 
tacle of all our sensations, the source of all our irleas. 

QUESTIONS FOR EXAMINATION. 

1. How is the brain described, and w'here is it situated^ 

What is the spinal marrow ? 

3. How are the nerves situated** 

4. W'hat purposes do the brain and nerves serve ? 

5. How is voluntary action excited f 

6. What is remarked of the nerves and brain t 


LESSON THE FOURTH. 

THE STOMACH. LIVER. DIGESTION, &C. 

1. The stomach is shaped like a bag, and is the 
grand receptacle for tlie food, where it is retained until 
it is changed by digestion. 
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2. Jhe stomach has two openings, the om' Cfiilkd the 
ffisopnagus, through which the food passes inlo it ; the 
other intended to carry away the digested substance, 
is called the intestinal canal. 

3. The chief agent in Sigestion is the gastric juice: 
by the muscular nature of the stomach, the food when 
properly digested is propelled through the intestinal 
canal into the intestine, which is a membraneous tube, 
four or five times the length of the person in which it is. 

4. The food in its digested state is called chyme, and 
in this state it enters the intestine, where it undergoes 
another change, and the chyle, a milk-like substance, is 
separated from it- 

5. The chyle is that substance from which the blood 
is formed, and it is absorbed, by the mouths of the 
lacteal vessels, which are every where distributed in 
intestines, while the feculent parts^ of tRe chyme and 
the ])ile are drawn into the large intestine, by which it 
IS expelled from the body. 

6. The liver is formed for the secretion or separation 
of the bile from the blood, which passes into the ductus 
hepaticus, and thence into the gall-bladder, where it is 
kept till it is* wanted to mix in the intestine. 

7. The chief uses of the bile are, 1 , to extricate tho 
chyle from the chyme; and 2, to excite the peristaltic 
motion of the bowels. 

8. The lacteals convey the chyle from the intestine 
into the jugular vein, that empties itself into the heart. 

9. The kidnies are two glandular substances, intended 
to drain the system of its redundant water: for this 
purpose a considerable portion of the blood is perpe- 
tually passing into each kidney, where it leaves its su- 
perfluous water, and then returns into the circulation 
by means of a particular vein. 

10. The water thus strained from the blood is carried 
by canals, called uretsers, into the bladder, into which 
it passes, through its two coats, which answer the pur- 
pose of a valve, to prevent the possibility of. regurgi- 
tation. 





^JimsnOJTS FO& BXAMmATlOW. 

Jl* 4e«cnpUoa of the stomncb 1 

f* WiKjit «ro t2i« openings ule stomaeh, and for what are 

they AQteaded ^ 

3« V^HKat la the ohief agent in dis^estion, and bow is the process 
earned on ’ 

4, What is meant by the terms chyme and chyle'* 

5^ What ta the use of the chyle, and how is it carried awav '* 

6, Of what use is the U*rer '* 

7* What are the chief uses of the bile '» 

8. Where do the lacteals convey away the chyle ^ 

9. Ilow are the kidmos pituated» and what is their use ? 

10, How IB superfluous water earned a^ay? 


t 


THB END, 


Vs 


minnr*aa« ifrrKa uollo^iay, ktiomasEi. 







